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JlucepTamOHHUAT TPyA € OOCHIEH Ha Pa3LIMPEHO 3aceaHue Ha
Karenpa ,,l exanuecku u jeaenu cnoproe’ mpu HCA ,,Bacun JIeBcku®,
nposeaeHo Ha 13.12.2018 . u HacouyeH 3a MyOaMYHA 3aIIuTa Mpes] Ha-
YYHO XKYpH.

JlucepTauMOHHUAT TPyHd ChAbpka 166 CTaHIZAPTHU CTPAHUIIH.
Omnamienen e ¢ 50 Tabnuuu, 43 purypu, 6 pucyHbka, 3 TPUIOKEHUS U
CIUCBHK C JuTeparypara. bubnuorpadckara crpaBka chabpxa 179 nu-
TEepaTypHU U3TOYHUKA, OT KOUTO 152 Ha kupuiauua v 27 Ha JaTUHUIIA.

[TybnuynaTa 3ammTa Ha IMCEPTALVIOHHUS TPYH 11je Ce ChCTOU Ha
27.03.2019 . ot 14:00 yaca B Ayna A3 Ha HCA ,,Bacun Jlesckn®, Cry-
neHTcku rpan, Codus, Ha 3aceganue Ha Crennanns3upaHOTO HAYIHO
Xypu. Marepuannte 3a 3amura ce Hamupar B 6ubnmorekara Ha Aka-
IeMIATA.

3abenexcka: Homepayusama Ha mabnuyume u pueypume 6 Aémo-
pedepama coomeemcmea HA MAXHAMA HOMEPAUUS 6 OUCEPMALUUOH-

HUS mMpyo.



YBOJI

AXTyaJTHOCT Ha u3cieaBaHeTo. GUTYypPHOTO MbP3aJIsIHE € CIIOPT
ChC CII0’KHA KOOPJMHAIIMOHHA CTPYKTYpa, TP KOWTO CE€ U3BbPIIBAT
JIBUKEHUS BbPXY JIEJIEHO T0JIe Upe3 OOpbIIaHus, IPOMsSHA HA MOCO-
KaTa U CKOPOCTTa, KOMOMHHUPAHO C JTOI'BJIHUTEIHU €IEMEHTH, KaTo
CKOKOBE, KOMOUHAIIMU U CEPUU OT CKOKOBE, MOPEAUIM OT CTHIIKHU U
MAPYETH.

@UrypHOTO IIbp3aJsiHE CE OTHACSA KbM rpynara CIIOPTOBE ChC
cTa0WJIHa KUHEMATUYHA CTPYKTYpa, 32 KOATO € XapakTepHo (popma-
Ta ¥ XapakTepa UM Jla ca MPEJBAPUTEIIHO YCTAaHOBEHH Ha 0a3aTta Ha
panMoHaiHa OMOMEXaHMYHA CTPYKTypa W peAaulla W3UCKBaHUS 3a
CTHJI U €CTETUYHOCT, KOETO 33/IbJKaBa CIOPTUCTA J]a CE ChoOpa3sBa
¢ Tax. OcHOBHara 3ajiaya, KOATO CTOU TYK, € TTOBUIIIABAHE CTAOWII-
HOCTTA U KaY€CTBOTO HAa U3MBJIHEHUETO. Pa3upsaBaHeTO Ha TEXHU-
YECKHUS apCEHAJ CE€ OCUTYPSIBA UPE3 MOJIEIIMPAHETO HA HOBU YIIPAXK-
HEHUSI, YUATO JMHAMUYHA U €HEPreTUYHA XapaKTepUCTUKA TPsiOBa
Jla ChOTBETCTBA HA UHIUBUJIYaJTHUTE Bb3MOKHOCTH HA CIIOPTHUCTA.

HacodeHocT B pa3ButueTo Ha (UTypHOTO IbP3aJITHE JHEC € U3-
pa3eHara TeHACHUNS KbM XapMOHUS HA OCHOBHUTE KOMIIOHEHTH Ha
I'bP3AJISTHETO U 0aJTAHCUPAHOTO ChAbpKaHUE Ha nporpamure. Cbe-
Te3aTesnuTe TPsIOBa Ja IEMOHCTPUPAT BIIAJICCHE HA BCUUKHU CTPYKTY-
PH OT €JIEMEHTH — CTBIIKU, CIIUPAJIA, TUPYETH U CKOKOBHU €JIEMEHTH.

Enna oT XapakTepuCTUKUTE HAa MOJACPHOTO (PUTYpPHO Mbp3a-
JISIHE C KbHKHM € MPOTrPECUBHOTO YCIOXKHSABAHE HA ChCTE3ATEIHUTE
nporpamu. Hail-BaXXHUST MoKaszarel 3a MaiiCTOPCTBOTO Ha PUTYpH-
CTUTE € HUBOTO Ha M3II'BJIHECHHUE HA CKOKOBUTE €JIEMEHTH, OKa3Balllu
HaW-roJIIMO BIUSIHUE BbPXY KPAaWHUS PE3YJITAT B ChCTE3aHUS.

B Ta3u Bpb3Ka, 32 IOCTUTaHE HA BUCOKH PE3YIATATU MIPU U3ITBJI-
HEHHUE Ha MHOTOOOOPOTHH CKOKOBE, CbBPEMEHHUAT y4eOHO-TPEHU-
pPOBBYEH Tpollec TpsiOBa ga ObJie HACOYEH KbM MOAOOpsBaHE Ka-
YECTBOTO HA TSXHOTO OBJIA/ISIBAHE U YBEINYABAHE HA KOJUYECTBOTO
Ha 000pOTHU, U3MBJIHEHH 0 BpeMe Ha mosiera. ToBa Moxe Aa Obje
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MMOCTUTHATO C MOMOIITa Ha YBEJIMYABAHE BUCOUMHATA U IbJDKMHATA Ha
CKOKa, KaKTO M Ha HavyajiHaTa bIJI0BAa CKOPOCT MPHU OTCKOKa, MOCIIe/IBa-
HO OT OBP30TO IpylUpaHEe HA 3BE€HATA Ha TSIOTO MpH ToseTa. Bcuuko
TOBAa M3MCKBA BUCOKO HMBO Ha Pa3BUTHE HA CKOPOCTHO-CHUJIOBUTE Ka-
YeCTBa, 100pa KOOpAUHALIMS Ha ABMKEHUATA U YCTOMYMBOCT HA BECTH-
OynapHus amapar oIlle B Hali-paHHa Bb3PacT.



I'masa 1. IOCTAHOBKA HA ITPOBJIEMA 110 JTAHHHU
OT HAYYHHOMETONYHA JIMTEPATYPA

1.1. OCHOBHH T€H/IEHIIUU B PAa3BUTHETO HA ChCTE3aTEJIHHU
nporpamM 3a GUrypHoTo nbp3ajissHe B HCTOPUUYECKH
ACNEeKT

[maBeH TEXHUYECKU KOMIIOHEHT Ha BOJIHUTE MPOrpaMu ca CJIOXK-
HU MHOTOOOOPOTHHU CKOKOBE, Thil KaTO T€ MPEICTABISBAT HAN-CII0KHU
IBUKEHUA BbB BOHUTE nporpamu (Mumuz, A.H., 1981). OcHoBHata
TEHJICHIIUS TP NPOMEHU B MPOrPaAMUTE CE€ XapaKTEepU3upa C yBeIH-
YaBaHE CJIOKHOCTTA Ha €JIEMEHTUTE U Ha BPBH3KUTE B KOMOMHAIIMUTE
(Tuxomupos, A.K., 1989). Pa3ButreTo Ha BOJHUTE MPOrpaMu € CBbP-
3aHO C IMOCTOSIHHO YBEJIMYaBaHE HAa KOOPIMHAIMOHHATA CJIOXKHOCT Ha
JIBIKEHUSITA U HA CKOPOCTTA, KAKTO W MOBUIIIABAHE HA W3UCKBAHUSITA
KbM MY3UKAJIHO-ecTeThuueckuTe xapakrtepuctuku (Tuxomuposn, A.K.,
Ky3nenos, A.B., 1989).

[Ipennoxenneto 3a pehopma Ha ChAUICKAaTa cCUCTEMA IO (PUTYPHO
I'bp3aJisiHE 3a IBPBU MBT € U3JIUTHATO OT PHKOBOJCTBOTO HA Mexy-
HapojHusa KbHKU cbhio3 (ISU) Ha koHrpec cinen OnuMNUCKUTE UTPU
2002 roguaa. ChIIHOCTTA Ha HOBATa CHCTEMA €, Y€ BMECTO JIBE ,,001IH”
OILICHKH (3a CJIOXKHOCT Ha Mporpamara 1 3a HEHHOTO MPEACTaBIHE), Chb-
JUUTE Ja OLICHSBAT BCUUKH €JIEMEHTH B ITporpamara nootAaeaHo. Beceku
eJIEMEHT UMa orpezeneHa croiHoct (Value), kosiTo € MOCTOsIHHA U He
MO/IJIC’)KU Ha U3MEHEHUE (MIOHE B IPOIBIKEHNE HA €IMH CE30H).

HoBute npaBuiia HajmaraT ¥ HOBU U3UCKBAHUS KbM ChCTE3aTEIHU-
Te nporpamu. Taka 4ye, BbB BOJIHUTE MIPOrPaMU Ha KEHUTE MaKCHUMaJ-
HUAT OpOIl CKOKOBH €JIEMEHTH € CEJIeM, KaTo €IUHUAT OT TAX TpsiOBa
ma e ckok ot tumna Axcen. OT cegeMTe CKOKOBHM €JIEMEHTa MOXKE Ja
C€ M3IIBIHAT MAaKCUMyM JI0 TpU KOMOWHAITUU WA CEPUU OT CKOKOBE
(eIHa OT KOMTO MOXKE J1a BKJIFOUBA JI0 TPU CKOKA, a IPYTUTE JIBE — CAMO
nBa). MakCUMaJIHUAT OpOil MUPYETH ca TPU — €AUH OT TSAX TpsiOBa /1a €
CKOK B MIUPYET, €IMH KOMOMHUPAH MUPYET U €AUH MUPYET camMo B €Ha
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no3unusi. ma onpeneneHn U3MCKBaHUS M 32 MUHUMAJHOTO KOJIUYe-
CTBO 00OpOTH 3a pazIuyHUTE MUpyeTu. B mporpamurte TpsiOBa na uma
€/IHa MOopeaula OT CThIKU U efaHa xopeorpadceka cepust (ISU Special
Regulations Single & Pair Skating, 2014).

1.2. XapakTepucTHKA HA CKOKOBeTEe BbB (UTYPHOTO
'bp3ajisiHe, KATO TUII ABUI'ATEJIHA 1eHHOCT

CKoKoBeTe BbB (DUTYPHOTO Ibp3aJIIHE C€ pa3jnyaBar 1Mo HayMHa
Ha OTCKauaHE U C€ pa3JelIsIT KaKToO CJeABa: Ha U3I'BIHIBAHU OT PO, B
KOUTO OTTJIACKBAIIUAT KpaK ce MOCTaBs BbPXY JieJa Ha phOa Ha KbHKa-
Ta, U OT 36011, B KOUTO OTTIACKBAILUST KPAK CE€ TTOCTABS BbPXY MPE/I-
HaTa 4yacT Ha KbHKaTa, OCHOBHO BbPXY 3bOIIHTE.

[To 4Kciio Ha BUHTOBETE CE€ pa3jinyaBar: CKOKOBE 0€3 BbPTEHE I10
BpEME Ha MOJIETA U ¢ BbpTeHE Ha Ts1oTo Ha 0,5; 1; 1,5; 2; 2.5; 3; 3,5; 4
1 T.H. BUHTOBE.

CKoKoBeTe BbB (DUT'YPHOTO IbP3aJITHE Ca B3aUMOCBbP3aHH JIBHKE-
HUSI Ha OTJICJTHUTE YacTH Ha Ts10TO. Jla ce n3yuaBar TakuBa JABUKECHUS
¢ Mo-ya00HO, KaTo ce pa3ieis ISUIOTO ABMKCHHE Ha OTJCITHH YacTH,
BCSIKa OT KOUTO pellaBa CBOsI KOHKPETHA 3aja4a. T'bil KaTo 4aCTUTE Ha
CKOKa MMAaT HEMPEKbCHATO MPOMEHSIIA CE XapaKTEPUCTUKA, Bb3MOKHHU
Ca pa3JIMyHM BApUAHTHU HA pA3/CIIHE HA CKOKA.

1.3. AHAJIN3 HA TeXHUKATA HA CKOKOBETEe

Haii-BaxXHUAT mOKa3aTen 3a CIOKHOCTTA HA CKOKOBETE € KOJIU-
YEeCTBOTO Ha OOOpPOTUTE, KOUTO (PUTYPUCTHT H3I'BIHSABA IO BpEME
Ha nojeta. [lo Ta3um npuyrHa € Ba)KeH MEXaHU3MbT 32 Chb3JaBaHE Ha
BHPTEHETO Ha TSAJIOTO OKOJO HA/IBXKHATA OC MPU W3II'BIHEHUETO UM.
BbpTennBoTO ABMKEHHE OKOJIO HAJUThKHATa OC HA TSJIOTO Bb3HUKBA
10 BpeMe Ha oTTiIackBaHeTo. [Ipu M3MBIHEHUETO Ha TPYyHNUPOBKA U
pasrpynupoBKa, PUTYpUCTHT MOXKE CaMO Ja YBEJIMYU WJIU J1a HaMaJH
BIJIOBATa CKOPOCT HA BHPTEHETO.
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1.4. CieunpuyHM JIBUTaTEJHH KA4eCTBA HA (PUTYpPUCTHTE.
Bb3pacroBa xapakrepucTuka

CbBpeMeHHOTO (PUTYPHO MbP3aJIsTHE CE XapaKTepu3upa ¢ yCIoxK-
HSBaHE Ha MPOTPAMUTE, HACUTEHU CHC CIOKHUTE CKOKOBE. ToBa W3-
MCKBAa BHCOKAa HAJICKTHOCT U CTAOMJIIHOCT HA TEXHUYECKUTE YMEHUS,
KOMTO MOTAT J1a ObJIaT MOCTUTHATH CaMO MPU BUCOKO HUBO Ha Pa3BUTHE
Ha CKOPOCTHO-CHJIOBHUTE KadecTBa Ha mitaaute ¢purypuctu (byxapiena,
Nn. 1., 1972, 1973, 1974; Tuxomupos, A. K., 1974; Mensenesa, 1.M.,
2002). A. H. Mumun (1981) cuura, 4e CKOKJIMBOCTTA € HEOOXo[MuMa 1
mpeanosara npeIpasnojoKeHOCTTa Ha IETETO KbM CKOKOBETE BbB (pu-
T'YPHOTO ITbp3ajIsiHE Ja C€ aHaJIM3upa OT JIBE IVICAHU TOUYKU: OT IJIeHA
TOYKA Ha BUCOYMHATA U JbJDKUHATA HA CKOKa, CHOCOOHOCTTA Jla Ce U3-
M0JI3Ba CKOPOCTTA, MOy4YeHa IO BpeMe Ha 3aCHIIBAHETO, CKIIOHHOCTTA
KbM CBOOOJITHA MaXOBHU JABMKEHUS ITPU OTTIACKBAHETO U OT CITIOCOOHOC-
TTa KbM BBPTEHE BBHB Bb3Ayxa. IpsOBa Ja ce mMa MPEIBHJ, Y€ CIIO-
COOHOCTTa 3a BbPTEHE OKOJIO HaJUIhXHATa OC Ha TSJIOTO MO BpeMe Ha
1oJjieTa € oT u3KJIrdYuTeNHa BaxxHocT (Mumun, A.H., 1973 1.). Cnioco0-
HOCTTAa 3a PSI3KO TPyIUpaHe, MOCTUTaHE Ha BUCOKA CKOPOCT HA BbPTEHE
€ OCHOBA 32 MHOTOOOOPOTHUTE CKOKOBE.

CnocobHocTTa Ha (UTYpHUCTA J]a C€ OPUECHTHUPA B MPOCTPAHCTBO-
TO ¥ BPEMETO, ObP30 U TOYHO Jia U3I'BJIHSIBA HAN-CIOXKHU JBUKECHUS
P yCJIOBHS Ha MaJika M HecTaOMITHA OTopa Ce MOCTUTA UPe3 YChBBP-
IICHCTBAHE HA aHAJM3aTOPUTE, YYacCTBALM B PABHOBECHUTE PEAKIIUU.
KbM Ts1X, OCBEH BeCTHOYIAPHUST, CE OTHACAT 3PUTEITHUAT U JIBUTATEI-
HUST aHajdu3aTopu. J[ocTarbuHO HUBO HA Pa3BUTHE HA PAaBHOBECHUETO
(paBHOBECHETO € CITIOCOOHOCT Ha YOBEKA Jia AbPKU TSUIOTO WJIU OIpe-
JICTICHN CETMEHTH Ha TSJIOTO B OTPECICHO TOJIOKECHHE B PE3y/aTaT Ha
CJIOKHATa ChbBMECTHA JIEWHOCT Ha peAulla OPraHu U CUCTEMH, Hacoue-
HU KbM 00p0a ChC CHUJIMTE Ha IpaBUTAIM) TTO3BOJISABA MMO-ObP30 J1a ce
OBJIJIe€ CJIOXKHATA TEXHUKA HA Pa3UYHU (PU3NUYECKU YIPAKHEHUS, Ha
Mo-BUCOKO TexHuuecko HuBo (bonaapesckuii, E 5., 1976).

OpranbT Ha paBHOBECUETO, KAKTO € U3BECTHO, € BECTUOYIAPHUAT
amapar, KOWTO OCUTYpsBa 3ala3BaHETO Ha IMOJIOKEHUETO Ha TAJIOTO U
HEroBaTa OpUEHTAIIUs B IPOCTPAHCTBOTO. Tol € nepudepHo pernenTop-
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HO YCTPOMCTBO, KOETO € YacT OT BecTuOymnapuus ananuzarop. H. I1. Cu-
MaHOBcku# (1914) cmsTa, ue BecTuOynapHUST anapar ,,yrpasisiBa‘ mo-
JIO’)KEHUETO U JIBUX)KEHUETO HA TSJIOTO B IPOCTPAHCTBOTO M MYCKYJTHUS
tonyc. B. U. Bostuek (1915) nocousa, ue ,,ipu BCUYKH CJIydad Ha HOP-
MaJiHO JIEMCTBUE HAa BECTUOYIapHUS anapar:‘, NpaBOJMHEUHOTO (KOraTo
TSJIOTO C€ ABUIKH IO IIPpaBa JIMHUA) U BIJIOBOTO YCKOpPEHHE (KOraro ce
BbPTH) UrpasT BaxkHa poist. M. @. [{prroBuy (1922) Buxkaa 3Ha4€HUETO
Ha BecTUOYIapHHs anapar 3a peryjivpane Ha OajlaHca Ha LSUIOTO TSJIO0
Y Ha HErOBUTE OTJAEJIHU YacTH, HAPUYANKU TO ,,liepuPepHUsi LEHTHP
Ha paBHOBecueTO . UyBCTBUTEIHOCTTAa HA BECTUOYJIApHUS ariapar npu
3JpaBM XOpa € pa3jinuHa U 3aBUCH OT CHJIaTa Ha CTUMYJIa, CTEIIEHTa Ha
BBH30yJIMMOCT Ha BECTHOYJapHUS anapaT U HEroBaTta yCTOMYHUBOCT KbM
npasuene (@enopona, I.C., 1973). BectulOynapHusT anapar A0CTHUTa
HUBOTO Ha Pa3BUTHE HA Bb3PACTHU IPU MOMYETATa HA Bb3pacT 11-12
rOAWHU, a Opu MoMmuueTa ¢ 1-2 rogunuu no-pano (I'pomenkos, C.C. u
chaBTOopu, 1966). IlparbT Ha HUBOTO HAa YYBCTBUTEIHOCT HA BECTH-
OynapHuUsi aHAJIM3ATOP 3aBUCHU INIaBHO OT HacieactBeHocrtra (I1IBapi,
B.B., 1977; Cunrep, P.H., 1980).

BectuOynapHusT anapar nojiyyana rojasiMo HaTOBapBaHE 10 BpemMe
Ha U3I'BJIHEHUETO HA MHOTOOOOPOTHUTE CKOKOBE, MUPYETH U T.H. (XuC-
MmaryuHa, JI.A., 1972; Epdunosa, H.I'., 1980).

1.5. CiopTHa TPEHHUPOBKA B CUCTEMATA HA MOATOTOBKATA
Ha (purypucrure

ChabpikaHUMETO Ha CIOpTHATa TPEHUPOBKA Ha (PUTypHCTa, KaTo
MHOT'OCTPaHEH MPOIEC, MOXKE J1a ObJle MPEICTABEHO B Pa3jJW4yHU ac-
nekTu. [1o To3u HaYuH, pa3miekaaiiku OTIAETHUTE aCHEKTH OT IJIeAHA
TOYKA Ha TAXHOTO NpeoOiafaBalio BIUSHHUE BbPXY €IHHU WU APYTH
KOMIIOHEHTH Ha TOTOBHOCTTA Ha (DUTYPUCTUTE KbM ChCTE3aHUs, CE pa3-
auvaBat: (u3udecka MoJAroToBKa (4acTTa OT ChAbPKAHUETO HA 00yUe-
HUETO, KOETO 00e31eyaBa NiaBHO (Pu3niecKka rOTOBHOCT Ha (PUTYPUCTH-
T€ KbM ChCTE3aHUs1), CIOPTHO-TEXHUYECKAa U TaKTUYECKa MOJrOTOBKA
(4acTuTe, CBBP3aHU INIABHO C YCBOSIBAHETO HA TEXHUKATA U TAKTUKATA),
Y aClEeKTU, KOUTO OCUTYPSIBAT HEOOXOIMMUTE MOTUBAIIMOHHH, €ETUYHH,
WHTEJICKTYJIHU U CIIEIUAIHU TICUXWYECKU OCHOBHM Ha JIEMHOCTTA Ha
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¢urypucrure. Ilpu onpenensiHeTo Ha TE€3W ACMEKTH OT MOJArOTOBKAaTa
Ha CIIOPTUCTA C€ M3MOI3BAT PA3JIMYHU MOHSITHUS: MOPAJTHO-BOJIEBA, UH-
TeJIEKTyaTHa U TICUXOJIOTMYECKa MOATOTOBKA.

OBnaasBaHEeTO HA TEXHUKATA HA CJI0KHO-KOOPAMHAITMOHHUTE JIBH-
KEHUS, XapaKTEPHU 32 PUTYPHOTO MbP3AJISIHE, YCIEIIHOTO U3ITbJIHEHNE
Ha T€3U JBWKEHUS B ChCTE3aTEIIHU YCIOBUITA, MPEOIOISIBAHETO HA BU-
COKY TPEHUPOBHYHU HATOBAPBAHUS, HEOOXOANMHU 32 YCHBHPIICHCTBAHE
Ha YMEHHTA, N3UCKBA JOCTATHhUHO HUBO HA PA3BUTHE HA (PU3HUCCKUTE
CIIOCOOHOCTH Ha (PUTYPHUCTHUTE.

OcHoBaTa Ha ChABPKAHUETO HA CIIOPTHATA TPEHUPOBKA HA (UTY-
puctute € (punyeckara MoAroToBka. ToBa € Mporec Ha Bh3MUTABAHE
Ha PU3UYECKUTE CIIOCOOHOCTH, HEOOXOAUMHU B CIIOpTHATA JEUHOCT.

3HaYUTEJIEH HAIPEAbK BbB (PUTYPHOTO IIbP3alIIHE € Bb3MOXKEH Ha
0a3ata Ha O0IIOTO yBEIMYCHUE HA (PYHKIIMOHAIHUTE BH3MOKHOCTH Ha
OpraHu3Ma, Ha ISUIOCTHOTO pa3BUTHE HAa (DU3UYECKUTE U YMCTBEHUTE
CIIOCOOHOCTH Ha (PUTYPUCTHUTE.

MHororoauiHara MoAroToBKa Ha ChCTe3aresid o GUrypHo mbp-
3aJIsTHE BKJIIOYBA CIEAHUTE €TaIu: CIIOPTHO-03/[paBuTeneH erar (4—15),
€TanbT HA HAYaJIHATA MOATOTOBKA (4—7), y4eOHO-TPEHUPOBBYHUS €Tall
(cnoptHa cneruanuzanus) (8—10), eran Ha CHOPTHO YCHhBBPIIICHCTBAHE
(11-13) u eTamn Ha BUCOKO CITIOPTHO MaicTopcTBO (14 +).

1.6. PaboTHAa xumoresa

Bb3 0CHOBa Ha MPOBENEHOTO MPOYYBAHE HA JUTEPATYPHUTE H3-
TOYHUIM W HAlUsA MNPAKTUYECKHU ONUT, YCTAHOBUXME ChIIECTBEHU
pas3nuuus B MHEHUATA HA PEWIla aBTOPH MO OTHOIICHUE Ha obema U
BAPUATUBHOCTTA HA TPEHUPOBBUYHUTE CpeACTBa Npu purypuctute. Cb-
IIECTBYBa TEHJICHIUS 3a MPUOPUTETHO PA3BUTHE HA B3pUBHATa CHUJIA.
HenooueHena e poisita Ha KOOPAUHALMOHHUTE Bb3MOKHOCTH U YCTOM-
YMBOCTTa Ha BecTUOynapHusa amapar. [Ipeamonara ce, ye mpusoxe-
HaTa crnenu(UuYHA TPEHUPOBBYHA METOAUKA OT YNPAKHEHUSA ChC
CKOPOCTHO-CIJIOB XapaKTep U 32 PABHOBECHA YCTOMYMBOCT IpPH
MJIAAU (PUTYPUCTKH, 1Ie MOA00PH KAYeCTBOTO HA U3NbJIHEHUE HA
CKOKOBHTE €JIEeMEeHTH, KOUTO UMAT HAI-roJI1siMa TeKeCT 3a KpaiiHus
pe3yJITaT Ha CbCTe3aHHus.
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[naga 2. IEJL, 3AJIAUM U METOJMKA HA
U3CJEABAHETO

2.1. Ile1 HA U3CJI€IBAHETO

I_ICJITa Ha HaAI€TO HU3CJIICABAHEC € a CC IIOBHUIIIHN e(l)CKTI/IBHOCTTa Ha

mpoiieca Ha MOATOTOBKA HAa MiaAuTe (PUTYPUCTKH 4pe3 crheruduiHa
TPEHUPOBBUHA METOJIMKA, HACOYEHA KbM Pa3BHBAHE Ha CKOPOCTHO-CH-
JIOBUTE CITIOCOOHOCTH M Ha paBHOBECHATA YCTOWYHUBOCT.

2.2. 3agaun Ha N3cjaeaABaAHETO

3a peajin3nupance Ha OCHOBHATAa HCJII IMOCTABUXMC 3a PCHIABAHC

CJIICAHUTC 3a4a4U.

l.

Jla ce mpoyyar 0COOEHOCTUTE Ha ABUraTeIHATa IEUHOCT pu (Hu-
TYPHOTO bP3AJISTHE.

Jla ce ompenenn Bpb3KaTa MEXAY €JIEMEHTUTE HA MPOrPAMHUTE U
KpalHUsI pe3yTar OT TEXHUYECKaTa MOAr0TOBKAa Ha (PUTYPUCTKU-
TE.

. ﬂa CC U3BCJC 3aBUCUMOCT MCKAY aHTPOIIOMCTPUYIHUTC ITOKA3aTC-

JIM ¥ T€3U 32 OTCKOKJIMBOCT.

Jla ce pa3paboTH ekcrnepuMEeHTallHa METOJMKA 32 pa3BHUBAHE Ha
CKOPOCTHO-CUJIOBUTE XapaKTEPUCTUKU BbPXYy OCHOBAaTa Ha ONTH-
MU3HUpPAaHE CHOTHOIICHUETO MEXTY 0OEMHUTE MapaMeTpy Ha pa-
0oTa 3a o01Ia ¥ B3pUBHA CUJIA, B PAMKHUTE Ha MOATOTBUTEIHUS
TIEPUOJ] OT TOAUIITHUS YIEOHO-TPEHUPOBBUCH MPOIIEC.

. Ha ce ycTtanoBu e(peKTUBHOCTTA Ha MpeIjiaraHaTa METOJUKA U Ja

ce ampoOupar pe3ylITaTuTe OT U3CJIECIBAHETO B CIIOpPTHATA MpaK-
THKAa.

Jla ce u3Bene (akTopHaTa CTPYKTypa Ha CKOPOCTHO-CHJIOBAaTa
MOITOTOBKA, HA aHTPOIIOMETPUYHUTE MTOKA3aTEIN U HA PABHOBEC-
HaTa YCTOMYMBOCT Ha MOAPACTBAIIM (PUTYPUCTKH.
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2.3. IIpeamert, 00eKT U KOHTHUHI'C€HT HA U3CJIEABAHETO

Ilpeomem Ha W3CIENBAHETO € TUAJICKTHUYECKaTa BpPB3Ka MEXIY
napaMeTpuTe Ha CKOPOCTHO-CHJIOBATa MOATOTBEHOCT M paBHOBECHATA
YCTOMYHUBOCT ChC CKOKOBUTE €JIEMEHTH Ha MJIaJIU (PUTYPUCTKH.

Obexmbm Ha U3CIEABAHETO € CTPYKTypaTa Ha CKOPOCTHO-CHIIOBA-
Ta TMOJITOTBEHOCT U PaBHOBECHATa YCTOMYMBOCT Ha MojapacTBammm (hu-
TYPUCTKH.

Konmunecenm na uszcneosanemo. B nzcinensanero 0sgxa BKIIOUYEHH
00110 51 chere3arenku no GUTrypHO Mbp3alisiHe HA Bb3pacT oT 11 10 13
TOAVHU KaTErOpHsl WHAWBUIYATHO OT PA3JIUYHU CIOPTHU KIIYOOBE TIO
¢urypHo mbp3ansine B Penmyonuka brarapus. Ot u3Bajkara oTmnaaHaxa
13 chcTe3aTenku, KOUTO MO Pa3INYHU MPUYMHHA HE Ca YYacTBAIM aK-
THBHO B TPUTE CIIOPTHOCHCTE3ATCITHN TOANHHU.

2.4. Metoau Ha U3CJIeIBAHETO

3a pelraBaHe Ha MOCTABEHUTE 3a7aun OsXxa W3MOI3BaHU CICTHUTE
U3CIIeIOBATEIICKA METO/IH:
1. Cucremaruzupane, 00pabOTBaHE U aHAJIW3 HA JAHHUTE OT Ha-
YYHOMETOMYHA JTUTEparypa Mo u3cjaeaABaHUTE IPOOIeMHU.
2. Ilenmarormyecko HabOIIOACHUE.
3. CnoprHomnenarornyecko TecTupaHe. B TecroBara Oarepus
Osixa BKItOUeHH 15 Buaa uamepBanus (Taodu. 1)

= AHTPONOMETPUYHHU U3MEPBAHUS — § MTOKA3ATEIIA.

= AnapaTypHU METOJUKU — 7 TeCTa.
4. CnopTHONENArornyecKn eKCIEPUMEHT.
5. Maremarnko-CTaTUCTUYECKH METOJIN HA U3CJICBAHE:
Bapuannonen ananus

» Kopenannonen ananus
= CpaBHUTEJICH aHa/IN3 ¢ t-Kputepuit Ha CTIOABHT

= DakTopeH aHanu3
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Tadoauua 1. Tecmosa damepus

Ne | HaumeHnoBanue MepHu equHUIHT Eg;ggg;&a
H3mepBaHe HAa AHTPONOMETPUYHHU NPU3HALH
1| Prcr — mpas [cm] 0,1
2 | TenecHo Tero [kg] 0,1
3 | I'ppana obukomnka [cm] 0,1
4,5 | Ismkuna Ha JIeceH U B J0JeH KpaiHuK [cm] 0,1
6,7 | lllupuna Ha pamMeHeTe, Ta3a [cm] 0,5
8 JbmxuHa Ha TSICHOTO XOUIIO [cm] 0,5
N3mepBane Ha GU3NOMETPUYHHU MOKA3ATEIN
9 Egﬁgiﬁ?;? OTCKOK OT IPUKJIEKHAJIO [cm, kN, KW, m/s] 0.01
0 | Bermosen s orw e 6o oyt | O
1| B om ot mme o ovmey |0
12 | Beppmaren oo cxen crmmase s | o kN kW,mis) | 00!
13 | 20 BepTHKaIHH OTCKOKa [em, kN, kW, m/s] 0,01
H3mepBaHe Ha OMOMEXaHMYHM TMHAMOMETPUYHU XapaKTePUCTHKH
14 | TToza PomGepr [cm, Hz] 0,01
15 | Ilo3a Ha mpu3eMsiBaHe [cm, Hz] 0,01

2.5. Opranu3anus Ha U3CJIeABAHETO

3a pelraBaHETO Ha IMOCTABEHUTE 3aJaud OsXa OpPraHU3UpaHu U
npoBeneHu uscienBanus B nepuox ot 2015 no 2018 1. B LlenTspa 3a
HayyHa U IPWIOXKHA JEWHOCT B CIIOPTa, B KaTeApara mno ,,AHaTOMHUS U
omomexanuka“ Ha HanmonanHata criopTHa akaaemus ,,Bacwr JleBcku
v B 3uMeH J[Bopen Ha criopra.

M3cnenBaneTo MpeMuHa Mpe3 CIECIHUTE €TaIN:
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s Eman I —wouu 2015 . 1o oktomBpu 2015 1. — ipoyuBaHe, cucre-
MaTH3UpaHe U aHaJu3 Ha JAHHUTE OT METOJIMYHATA JINTEparypa
1o MpoOJIeMUTE HAa TEXHUKATAa HA CKOKOBUTE €JIEMEHTHU BbB (pu-
T'YPHOTO I'bP3JIsTHE U (PUBHMYECKUTE KaueCTBA HA (PUTYPUCTHUTE.
3ano3HaBaHe C anaparypara u TeXHUKara, He0OXOJMMHU 3a Mpo-
BEXKJIaHE Ha u3ciieiBaHeTo. DopmynupaHe Ha pabOTHATA XHUIIO-
T€3a W Ha LeNTa Ha u3cienaHeTo. OnpenensHe Ha 3a1a4uTe,
METOAMUTE U TECTOBOKOBaTa €(DEKTUBHOCT.

» Eman 3 — oxromBpu 2017 no nekemBpu 2018 r. — marema-
TUKO-CTaTUCTUYECKa 00paboTKa, aHaiau3 U 000OIIeHre Ha Ja-
HHUTE OT u3ciienBanusTa. OkoHuaTeTHO 0(OpMSIHE HA UcCepTa-
HUOHHUSA TPYA.
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T1aBa 3. AHAJIM3 HA PE3VJITATUTE OT HPOBEJIEHOTO
W3CJIEJBAHE

3.1. TeHgeHIMU HA BJINSAHUETO HA TEXHUYECKUTE
eJIeMEHTH BbPXY KJIACHPAHETO

M3nbaHeHneTo 6e3 rpeiiki Ha MHOTOOOOPOTHUTE CKOKOBE M KOM-
OMHAIMU OT TAX € OCHOBHUST KPUTEPUN 32 TEXHUUYECKUTE YMEHUS Ha
¢durypucture. Opranuzupaxme NeJarornyecko HaomoaeHue Bbpxy 95
KpaTKH{ ¥ BOJIHM MPOTpaMH Ha (PUTYpHUCTKHU, KJIacHupaiu ce oT 1-Bo 10
24-T0 MSICTO Ha CBETOBHH ITbPBEHCTBA MO (PUTYPHO IMbp3aisiHE 32 FOHO-
iy 1 geBorku — 2006 u 2016 . HanmpaBuxme Br1€0 aHAIM3 HAa BCUYKHU
€JIEMEHTH B ChCTE3aTEIIHUTE MPOrpaMu, KOUTO Osixa PerucTpUpaHu B
TaOJIUIH, C OTPA3CHU TPEIIKH MTPU U3MBIHEHUETO UM. OT OUIIUATTHUTE
ChAUNUCKHU MPOTOKOJIU 3aMrcaxMe oOI1ara olleHKa 3a BCUYKU U3ITbJIHE-
HU €JIEMEHTH, KaKTO U CTOMHOCTUTE HA ChANNCKUTE OLIEHKHU 3a U3IbJI-
HEHUE Ha BCEKU OT/eNIeH eneMeHT (00110 901 enementa). M3uncnuxme
CyMapHUTE CTOMHOCTUTE HA €JIEMEHTHUTE IO TPYNU: CKOKOBU €JIEMEHTH,
MAPYETU U IOPEINLIA OT CTHIKU. [[poBeoXMe npeBapuUTETHO U3CIE-
BaHE 3a ONPECIISIHE HA €JIEMEHTUTE C HA-TroJIsIMa TEXECT BbPXY Kpail-
HUS PE3YJNITAT B CbCTE3aHUSA 3a NeBOMKU. Ha Tadu. 3 u 4 € npeacrasen
BApUAILIMOHHUAT aHAJIN3 Ha CyMapHUTE CTOMHOCTH Ha €JIEMEHTHUTE IO
IpyIy MPU U3CIEIBAHUTE OT HAC KPATKU U BOJIHU MPOTPAMHU.

OT HanmpaBeHOTO MPEABAPUTEIIHO U3CIIECBAHE CTUTHAXME A0 3a-
KJIIOUEHHUE, Y€ HAW-TOISIMO BIUSIHUE BbPXY KpaWHUS pe3ysTaT OKa3Bar
CKOKOBUTE €JIEMEHTH, KOUTO Ha MbPBO MSCTO Ca MOBEYE Ha Opoil OT
APYTUTE €JIEMEHTH — B KPAaTKUTE MPOrpaMu — TPH, a BbB BOJIHUTE — CE-
neM. Ha BTOpo MSICTO — KOJIMYECTBEHUTE CTOMHOCTUTE HAa CKOKOBHTE
€JIEMEHTH, KOUTO TPAOBA J1a U3MBJIHABAT (PUTYPUCTKUTE B CbBPEMEHHU-
T€ MPOrpaMHu, ca MO-BUCOKH OT Jipyrute enemeHTu. KoopanHanronnara
CJIO)KHOCT Ha CKOKOBETE U Kau€CTBOTO Ha M3II'BJIHEHUETO UM HapacTBa.
HamasnsiBa 3Hau€HHETO HA MUPYETUTE BbPXY KpalHUS pe3yJTaT B ChCTE-
3aHUATA HA PUTYPUCTKUTE, KAKTO B KPATKUTE, TAKa U BbB BOJHUTE IIPO-
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rpamu. [Ipu nopeauuuTe OT CTHIKU CHIIO C€ HAOIIOaBa yYBEINYaBaHE
Ha BIIMSIHUETO BbPXY KpaWHUS pE3YyJITar.

Tadnuna 3. Bapuayuonen ananusz — kpamku npozpamu na oesoitku na Cee-
moenu nvpeencmea no guzyprno nwvpzanaune: 2006 2. (1) u 2016 2. (2)

IMokazaren X | X R X SEx S \Y As | Ex

min max

Obma croitroct Ha 6,63 | 19,81 | 13,18 | 11,35 | 0,63 | 3,10 | 27,34 | 0,88 | 1,24
CKOKOBH eneMeHTH (1)

Obmia croiiHoct Ha 8,52 | 21,89 | 13,37 | 15,20 | 0,75 | 3,67 | 24,18 | 0,06 | -0,40
CKOKOBH €JIeMEHTH (2)

Obma croifroct ra 511 | 983 | 472 | 7,47 | 0,27 | 1,30 | 17,43 | 0,23 | -0,44
nupyetu (1)

Obmwa croitnocT Ha 891 | 11,63 | 2,72 11026 | 0,18 | 0.88 | 858 | 0,15 | -1.47
nupyetu (2)

Obmwa croitroct Ha 171 | 324 | 153 | 232 | 0,07 | 035 | 1528 | 0.23 | 0,97
cTbrku (1)

Ob1a croiiHOCT Ha 2,67 | 520 | 2,53 | 3,98 | 0,17 | 0,82 | 20,60 | 0,09 | -1,28
CTBIKH (2)

Ta6auua 4. Bapuayuonen ananuz — 601Hu npozpamu Ha 0e6OUKU HA

Ceemoenu nvpeencmea no puzypno nvp3anane 3a IWHOWU U 0e6OIKU:
20062 (1) u 2016. (2)

[Mokazaren X | X R X SEx S \Y4 As Ex

min max

OOma CTOMHOCT HA
cKoKoBH eemenT (1) 11,22 | 48,40 | 37,18 | 25,07 | 1,66 | 8,12 | 32,39 | 0,77 | 1,72

OO0111a CTOMHOCT Ha
CKOKOBI GIICMEBHI (2) 20,85| 53,61 | 32,76 | 35,54 | 2,18 | 10,43 | 29,35 | 0,36 | -1,07

Obua crofiHocT Ha | 517 | 1040 | 523 | 737 | 026 | 129 | 17.50 | 0,73 | 1,02
nupyetu (1)

OO0111a CTOMHOCT HA

mpyer (2) 691 | 12,05 | 5,14 | 9,73 | 029 | 138 | 14,18 | -0,40 | -0.23

OO0111a CTOMHOCT HA
cromkn (1) 1,76 | 3,17 | 1,41 | 2,20 | 0,08 | 0,41 | 18,64 | 0,89 | 0,50

Obma cTofiHoCT Ha 1,80 | 5,00 | 3,20 | 3,27 | 0,17 | 0,82 | 25,08 |-0,08 | -0,23
CTBIKH (2)
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3.2. BapuanuoHeH aHAJIU3 HA AaHTPONOMETPUYHMTE
MoKa3arejn Ha (PUTYPUCTKUTE

Bcuyky aHTpONOMETPUYHU TaHHU OT IBPBOTO M BTOPOTO M3CIIEI-
BaHE ca MoKa3aHu Ha QUL 9, KbAETO SICHO C€ BMXKJA YBEJINYAaBAHE HA
BCUYKHU TOKA3aTEIU, KOETO € HOPMAJIHO MPH MOAPACTBAIIHA JEBOUKHU.
Bucok e npupacTsT Ipu pbCTa U ABJLKUHATA HA TOJHUTE KPAWHUIM, a
Hall-HUCBK — IIPY LIMPUHATA HA Ta3a.

B] wscnensane W1 uscnensane

/
160.0 (41,0487
1200

80.0

40.0 21.7 22.7 21.6 22.8

PBCT TETJI0
[cm] [kg]

JI'bIDKMHA Ha
JIAB Kpak [cm]
IUPUHA HA
LIMpUHA Ha
Tasa [cm]
IbDKMHA Ha
XOAUIIOTO [cm]

=
)
]
I
o]
jes
o]
=
<
o

rpbAHA
00MKOJIKa [cm]
IBDKUHA Ha

JIECEH Kpak [cm]

®ur. 9. Z[MH“MMKCI Ha anmponomempuuHume nokazameiu

[Ipu BapranmMOHHWTE aHAIM3W HAa aHTPOIIOMETPUYHUTE ITOKa3aTe-
au (TadJa. 7 u 8) ca ycTaHOBEHM HUCKH CTOMHOCTH Ha KOS(PUITUCHTUTE
Ha Bapuanus — noxa 24%, nokasarei 3a HOPMaJIHO pa3MpeleiCHUE Ha
JaHHUTE OT M3BajKara. ToBa HU JaBa OCHOBaHHUE Jla HAIlpaBUM CpaB-
HUTEJIEH aHamu3 upe3 t-kputepus Ha CTIOIBHT 32 3aBUCUMH U3BAJIKH.

Emnupuynara ctoiHOCT Ha t-kpuTepusi Ha CTIONBHT HaJIBUIIIABA
TaOJIMYHO YCTAaHOBEHUTE KPUTUYHU HHBa (Tadia. 9). JlombaHUTETHO
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00CTOATENCTBO € (DAKTHT, Y€ rapaHlIMOHHATa BeposiTHOCT P, [%] HanBu-
mapa kputuyHara (95%) cTOHHOCT.

Tabumnna 7
g — 'gl — — —
< < <

59| 5§ | 2| Eg| EE | Ex | Eg| ES | E¢
2 2 X 5 = g £ 5SS | £ s 5 S
2 = A = = g 5z B X £ 5 £ 9 5 5
= 2 = | £8 | fg | 5z 9F | &8
g o = 5 N 3 s g
X 141,0 | 33,3 62,4 81,1 81,2 31,5 21,7 21,6
S 10,0 | 8,0 5,0 6,7 6,7 2,8 2,2 1,6
Var 7% | 24% 8% 8% 8% 9% 10% 8%
As -0,1 0,7 0,4 0,2 0,2 -0,1 0,3 0,3
Ex -0,7 0,3 -0,3 -0,1 -0,1 -0,6 0,1 -0,2
Max 158,4 | 54,6 73,5 95,6 95,8 36,5 26,5 25,5
Min | 1212 204 | 53,0 | 675 | 682 | 260 | 17.0 | 185
Range | 37,2 | 342 | 20,5 | 28,1 | 27.6 | 105 | 95 | 7,0

Tab6auna 8
S @

— °N — — —

= S | 88| 5= | 88| 5| 28
g 2 . o s— | 85| E E =3 S| g2
8 2 2 E | 88| E&| 8| E5 | &8 | E&
£g | ~ | & | g~ | E5| E5| EE| §E| E&
=& = &5 | ER |53 g &5
o AN a, =

X 149,7 41,2 67,0 86,9 86,7 33,9 22,7 22,8
S 94 94 5.3 5,6 5,3 2,8 2,2 1,3
Var 6% 23% 8% 6% 6% 8% 10% 6%
As -0,5 0,4 0,2 -0,2 -0,1 -0,2 -0,1 -0,2
Ex -0,6 -0,2 0,2 -0,6 -04 -0,6 0,3 -0,6

Max 1634 | 64,0 81,0 97,2 97,2 39,0 28,0 25,5
Min | 130,0 | 254 | 58,0 | 76,0 | 76,5 | 28,0 | 18,0 | 20,0
Range | 33,4 | 38,6 | 23,0 | 21,2 | 20,7 | 11,0 | 10,0 5,5




18

Tab6auna 9
[P)
S R _
IHoxa3zaresm GE § E X - i

J 2 E | © R

2l E s
Pner [cm] 141,0 | 149,7 | 88 | 6,2 | -16,5 | 100,00
Terno [kg] 333 | 41,2 | 7,9 |23,7|-13,6 100,00
I'pbana oOuKo/Ka [cm] 624 | 67,0 | 46 | 74 | -12,1 | 100,00
JAb/zKuHA HA 1eCeHKpak [cm]| 81,1 | 86,9 | 58 | 7,1 | -11,8 | 100,00
JAb/zKuHA HA JISIB KPakK [cm | 81,2 | 86,7 | 5,5 | 6,7 | -11,4 | 100,00
IIIupuna Ha pameHeTe [cm | 31,5 | 339 | 24 | 7,6 | -11,0 | 100,00
IInpuna na Ta3za [cm] 21,7 122,71 1,0 | 45| -4,2 | 99,98
JbaKkuHAa HA X0AUJI0TO [cm ]| 21,6 | 22,8 | 1,1 | 5,3 -10,0| 100,00

l\II mwcaeqsane  BII m3caensane W d (mpupact) W d[%]

TErno — = —_ —
PBCT g mg m'g' < B « s E

[cm] (kg] g = E = =35 = 8 =g T S,
< < <

=g £i g x g e s 5 T 9

a B E & E 5 o = E 5

a g = & = s 2

] X g = (SIS =

=2 E = 2 = Q S E =

g &3 22 83 8% g%

2 l:(% S g X2

@ue. 10. IIpupacm na anmponomempuunume noxazamenu

Taka ¢ yBepeHOCT MOXKE Ja OTXBbPJIMM HYJIEBaTa XUIIOTE3a U 1A
MpUeMeM aJITepHATUBHATA 3a HAJIMYME HA 3HAYUM MPUPACT B TAHHUTE
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OT W3CJIe/IBaHATa M3BaJIKa, OTHACSIIA CE€ 3a MpUpacTa B aHTPOIIOMET-
puuHHTE TTIoKa3zarenu (¢ur. 10).

3.3. BapuanuoHeH aHAJIU3 HA TOKA3aTEJIUTE MPH CKOKOBETE

CxoxoBeTe BbB (DUT'YPHOTO II'bpP3ajIsiHE Ca HEOTMEHHA 4acT OT JABU-
rare;Hara JIeMHoCT. EHO OT yclioBusTa 32 TAXHOTO JOOPO M3ITBbJIHEHUE
ca rojiiMa BUCOYMHA M AbJDKMHA. KpuTepru 3a ToBa ca MoKa3aTelnuTe
Ha CKOPOCTHO-CHUJIOBUTE Ka4eCTBa, a ChIIO Taka U 32 KOOPAUHAI[MOH-
HUTE CIOCOOHOCTU M YCTOWYMBOCT Ha BecTHOynmapHus amapar. [lpu
MIPOYYBAHETO Ha AU(DEPEHITMATHOTO Pa3BUTHE Ha CKOPOCTHO-CUJIOBH-
T€ CIIOCOOHOCTH IO OTHOIIICHUE HA OTCKOKJIMBOCT € YCTAHOBEHO, 4e
IIPYU MOMHUYETATA U JEBOMKHUTE HAU-BUCOK MPOICHT HA PA3BUTHUE CE HA-
omonaBa BbB Bb3pactTa Mexay 10 u 14 romunau (Bomnkos, JI.B., 1981;
I'onuapos, H.H., 1952; I'poasuiika, A., 1983 u ap.). Pequnia npoyusa-
HUS TI0OKa3BaT, Y€ BBIPEKH OTCKOKJIMBOCTTA B M3BECTHA CTEMEH Jia €
BpOJICHa CIIOCOOHOCT Ha YOBEKa, Upe3 MpuiiaraHe Ha e(EeKTUBHH Y-
PAKHEHUSI MOXKE 3HAYUTEIIHO J1a C€ MOBHUILKM HUBOTO HA CKOPOCTHO-CH-
JoBaTa MoJroTBeHOCT Ha cnoptuctute (Bepxomanckuii, FO.B., 2013).
B OuomMexaHnyeH acrekT CKOKOBETE MPEACTaBIsABAT JABMKEHUE HArope
Ha TAJI0 CHPSIMO OIOpHATA ILJION] ¢ MOMOIITA Ha JOJTHUTE KPAHUIIY,
MOCJIEJIBAHO OT JIETEXK C poTalus U npuseMsiane. Criopen OnomexaHu-
KaTa TOBa JBW)KEHUE ce peanmsupa upe3 popmynara: h, =V - t,..,
KbJIeTO £, € BUCOUMHATA HA OTCKOKA, V), € MakcuMajgHara CKOPOCT
MIpy OTACJISIHE OT omopara, a t,,, € BPEMETO, MPe3 KOETO CE M3BBPIIBA
OTCKOKa 4pe3 JIOJHUTE KPaHUIIM MPU KOHIIEHTPUYHOTO JICWCTBHE HA
pa3rbBauMTE HA KpaKara, a ChILl0 U CIIOPE]] 3aKOHA 3a UMITYJICA HA CHJIaTa
Frae toms =M Vo Lo, = ";L

max

[Ipu BapualMoOHHMSI aHAIW3 B3eMaMe NPEABHJ BHCOUYMHATA Ha
OTCKOKa 4, MakCUMaJlHaTa cuja F, Tpu peaau3upaHara JBUTaTeIHA
JNEUHOCT, MaKCUMaJIHATa CKOPOCT V., BpEMETOo 3a OTTIACKBAHE {,,, U
MaKCUMAJIHOTO YCKOPEHHE (L, -
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AHanu3bT HA TMOKAa3aTeJUTE Ha TECTUPAHUTE C amnaparypara
(G-sensor 5 BHJ1a CKOKa MOKa3a B €KCIIEpUMEHTAIHATA IPyIa Hail-BUCOK
MPUPACT MPU JPOM JHKbMI — HA BUCOYMHATA HA OTCKOKA — 9,74% (¢ur.
11), makcumanuara ckopoct — 71,05%.

mll m] md Bd[%] <
3 X
10.00 o
3 ¢ §
0 o
'g) 'p)
o
5.00 ] .
N 0 N o o 0 w0 e
Sa8l ) 298| 38| 24| =8
0.00
hSJ[m] hCMI[m] hCMJ [m] hDI[m] hRCMJ[cm]

®@ur. 11. Bucouuna na omcxok h [m]

[IpupacTbT B MaKCHMAaJIHATa CHJIA € TTO-TOJISIM IIPH OTCKOK C TIOMO-
nrra Ha peiere FCMJA = 83% (¢wur. 12).

Bl Bl md 0d[%]
g
90.00 %
S N g
3 a e
60.00 @ 7
C
)
H g
30.00
8283 S 288 e 23
- o O — O O — O O - o O S O
0.00 -
FSJmax[kN] FCMJmax[kN] ~ FCMJAmax[kN] ~ FDJmax[kN] FRCMJmax[kN]

®dur. 12. Makcumanna cuna

B xoHTpoJIHaTa rpymna pe3yiaTaruTe ca UACHTUYHUA — HAl-BUCOK €
MPUPACTHT MPU APOM JHKBMIT: BUCOUYMHA HA OTCKOKA — 6,63%, Makcu-
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MaJIHa CKOpOCT — 68,95%, MakcuMaliHa CHJIa HA OTCKOK C TTIOMOIITA Ha
pwuere € 72,79%.

3a nma mpoBepuM e€(PEKTMBHOCTTA OT MPHIIOKEHATa METOJIHMKA B
CIIOpPTHATA MPAKTUKA U3MOJI3BAXME U METOJIa Ha €KCIIEPTHUTE OLICHKH.
AHaIM3bT Ha OIEHKUTE Ha (DUTYPUCTKUTE OT €KCIIEpMMEHTaJHATa U
KOHTPOJIHATA TPYIH 3a BpEMEBUS NIEPUO] Ha HAOIIOJEHUETO UM OT Ch-
JTUUCKUTE TTPOTOKOJU HA J[bp>KaBHUTE MIbPBEHCTBA YCTAHOBU CJIEHO-
TO: TIO-BUCOK IPUPACT MPU CKOKOBUTE €JIEMEHTH B €KCIIEPUMEHTAJIHATA
rpyna — 38,9% B cpaBHeHHE ¢ KOHTposaHara — 31,1% u npu nupyerute
—45,3% B ekcnepuMeHTanHaTta rpyna u 39,0% B koHTposiHara (¢ur. 24
u 25). ToBa ynocroBepsiBa €(peKTUBHOCTTA OT MPUIIOKEHATa METOIMKA
B CIIOPTHATA MPAKTHUKA.

(OueHKH Ha eKCIEPUMEHTATHATA TPyNa
BCroxope  Ollmpyew O Crpmxu

453

50.00 - 3

40.00 -

30.00 -

20.00

10.00 185170199 223215217 039 0.450.18

WL =l == _ 4
I Il d d[%]

dur. 24

184

Ha Tada. 19 e nanpaBeHo cpaBHeHUE M0 t-KpuTepus Ha CTIOABHT
ME¥K/ly E€KCIIEpUMEHTAIIHATA U KOHTPOJIHATA TPYIIU B Kpas Ha IEpHoJa
Ha uscienBaHe. [lo MeTosa 3a HE3aBUCUMUTE M3BAJIKU Ca OIpeJielie-
HU 3HAUMMU Pa3JIMKW, OTHACAILM CE 32 MOKA3aTessl CKOKOBE, 3a KOWTO
rapaHlMOHHATa BEPOATHOCT HAJIBUINABA IpaHWYHATa BeandnHa 95%.
[TokazaTensit CThIKHU € C TapaHIMOHHA BEPOATHOCT OT 86,3%, KOSATO
noonmxkaBa 95%, HO e o/l rpaHMYHAaTa CTOMHOCT. JIurcara Ha 3HaUUMa
pasiivKa 3a MOKa3aTess NMUPYEeTH O3HAuyaBa, Y€ TEXHUYECKOTO UM H3-
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II'bJIHCHUEC € }:[06pe 3ay4CHO U HAa CIHAKBO HUBO KAKTO IIPHU CKCIICPUMCH-
TaJIHATA, TaKa U IIPpU KOHTPOJIHATA I'PpyIld Y4ACTHUIIU.

OUEHKH HA KOHTPO/IHATA Tpyna
B Croxose Ollmpyeru O Cronku

40.00

30.00 -

20.00 -

10.00 5178187205 209226235 0.310.390.29

y
d
®@ur. 25
Tabauuna 19
Excnepumen- | KonTposna
Iloxka3zaresm | TajHa rpyna rpyna d d[%] t Pt [%]
OLIeHKH OLIEHKH
CxokoBe 2,23 2,09 0,15 | 14,8 41 95,2
Mupyern 2,15 2,26 -0,11 | -11,0 | -,37 19,3
CTbnku 2,17 2,35 -0,18 | -17,5 | -,64 86,3

3.4. Iloka3areid 32 pABHOBECHA YCTOMYMBOCT

CnocoOHocTTa Ha (UTypHUCTa J]a C€ OPUEHTUPA B IPOCTPAHCTBOTO
U BPEMETO, 33 ObP30 U TOYHO U3II'BIHEHHUE HA HAW-CIIOKHUTE JABUKECHUS
MpU yCJIOBUS Ha MaJika MU HeCcTaOWJIHA OIMOpa, C€ MOCTUTA Ype3 yCh-
BBPUICHCTBAHE HA AaHAJIN3aTOPUTE, YYACTBAIIM B PABHOBECHU PEAKIUU.
J1oOpo HMBO HA pa3BUTHE HA PABHOBECHETO MTO3BOJISIBA M10-OBP30 OBJIA-
JSIBaHE Ha CIIOKHA TEXHUKA Ha Pa3IMUHU (PU3UYECKU YIIPAKHEHUS U HA
MO-BUCOKO TEXHUYECKO HUBO.
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N3cnenBaneTo Ha paBHOBECHATA yCTOMYMBOCT HA (PUTYPUCTKUTE €
peanu3upaHo upe3 TecTupaHe B nmoza PomOepr u tectupane npu npu-
3eMsiBaHe ciie/l OTCKOK Ha BucouuHa. [Ipu tecta Ha PomOepr uscneasa-
HOTO JIMIIE€ TTOBANIa CTHIAJIOTO JI0 KOJISIHOTO, O€3 Jla ro onupa B HETO,
Y U3ITBJIHSIBA PABHOBECHUE HA €UH OT KPAMHUILIUTE CH 3a ONIPEAECICHOTO
TECTOBO BpPEME, HO HE MO-KpaTrko oT 30 cex B craTuyeH pexuM. llpu
IIPU3EMABAHE CJIE OTCKOKA U3CJIEABAHOTO JIULE CE CTPEMU Bb3MOXKHO
Hal-O0bP30 J1a MOCTUTHE IO MUHUMAJIHU PaBHOBECHHU KOJIEOAHMUSI, KOETO
€ aKTUBEH MPOLEC 3a MYCKYJIUTE B CTPEMEXKA 3a OBJIA/ISIBAHETO HA PaB-
HOBECHUETO IIPU U3BBPIIBAHETO HA TECTA, 4 CHIIO U J1a YCTAHOBU HAJIU-
Yue Ha HU3XOSII TPEH/T B aMIUIUTYyaTa Ha PABHOBECHUTE KOJICOAHUSI.

Excnepumentanna rpyna - pasanku B adc. croiinoctu 3a Tect Pombepr n

NPH3EMABAHE CJI€] 0TCKOK
B Pombepr exc. B CKOKOBE EKCL. d pasmixa B a0c. cToitHOCTH

7.62

800 7

600
400 1
176
200 031 072 L
000 ¥ . .
average[cm] frequency[Hz] factor
dur. 33

[onsiMo HaTOBapBaHe BbPXY BECTHOYJIApHUS arapar ce MojydaBa
MIPU U3BBPIIBAHE HA MHOTOOOOPOTHU CKOKOBE, MUPYETH U T.H. M3mbJi-
HEHHETO Ha MHOTOKPATHU POTAILIMM IO BpeME Ha CKOKOBE, MOCJIEABAHO
C MEKO Mpu3eMsBaHEe BbPXY €/IUH KpaK B IUIb3TaHe, U3UCKBA MPEIN3-
HOCT Ha JIBUKEHUETO BbB BPEMETO M B MPOCTPAHCTBOTO. MHTEpeceH
(dakT e 00CcTOATEICTBOTO, Ue npu Tecta Pombepr ce noiyyaBaT 1no-Bu-
COKM CpeHU CcToMHOCTH (average = 7,62 cm), 3a pa3jiuka OT TecTa
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MIPU3EMSBAHE CJIE]l OTCKOK, IIPU KOMTO ce moiydasa average = 3,60 cm
(¢pur. 33). JluHaMUYHOTO 3a]bpKaHE HAa PABHOBECHE CJIEJ OTCKOKA €
no-e()eKTUBHO OT CTaTUYHOTO paBHOBecHe B mo3a PomOepr, koeto ce
oOsicHsIBa OT crieniduKara Ha ciopTa (UrypHO Ibp3aJISHE.

3.5. KopesiauoHeH aHAJIU3 HA AHTPONIOMETPUYHUTE
U OMOMEeXaHMYHUTE MOKA3aTeJ N

KopenaninoHHUST aHaIu3 Ha MOKA3aTEIUTE OT M3CIeBaHaTa W3-
BaJIKa BKJIIOYBA aHAJIN3 Ype3 MHOKECTBEHara kopemamnus Ha [IupchH.
[Tokazarenute morar Jia ce pa3npeaessT Ha aBe rpynu. Exnara ot Tsx
rpynupa pe3yjiTaTute OT aHTPONIOMETPUYHHUTE TECTOBE, a BTopara 00-
pasyBa OMOMEXaHWYHHUTE IOKAa3aTeId, ChCTABCHH OT KHHEMATHYHH,
JUHAMUYHU U PaBHOBECHHM MOKa3areau. BbTpenHorpynoBure kopena-
[MMOHHU KOC(UIIMEHTHU 32 aHTPONIOMETPUYHHUTE MMOKA3aTEeIN ca 3HAYH-
MU TI0 Xapakrep — Hanpumep pber/tenio (0,876), pheT/rpbaHa o0u-
kosika (0,830), pbcT/abikuHa Ha Aeced kpak (0,966), pbCT/abiKUHA
Ha j1sB Kpak (0,971), pect/miupuna Ha pamenete (0,918), pbcT/mmpu-
Ha Ha Ta3a (0,682), pbct/abmkuHa Ha xoauaoTo (0,899). 1o ananoru-
YeH HAUMH ca MPEACTaBEHU 3HAUUMHUTE KOPENIAlMOHHU KOe(PUIIMEHTU
Ha TEJIECHOTO TEMIO CHpsMO rpbaHaTa odukosika (0,955), necen kpak
(0,811), naB kpax (0,839), nbmxuna Ha xomuinoro (0,798). Bwrper-
HOTPYTIOBU KOPEJIAIIMOHHU BPH3KHU Ca HAJIUIIC U TP OMOMEXaHUYHUTE
XapaKTEPUCTUKA OT KMHEMATHYCH W TUHAMHUYCH THUIl — BUCOYMHA HA
otrckoka/mMakcumanHa cuia hSJ/FSJmax (0,556), BucounHa Ha OTCKOKa/
MakcuMaiiHa ckopocT hSJ/VSJImax (0,674), BucouriHa Ha OTCKOKa/Bpe-
Me hSJ/tSJ (0,500). LlutupanuTe 10 MOMEHTa KOpEJallMOHHU KOoe]u-
[UEHTH Ca MOJIOKUTEITHU U TI0 XapaKTep U3pa3siBaT MPONopLHUOHaIHATA
3aBUCHUMOCT MEX]Iy MPEACTABEHUTE B U3CJIC/IBAHETO MOKa3aTen. ToBa
00CTOSTEICTBO O3HAUaBa, Y€ MPU HApacTBaHE HA €UHUA OT TSIX, I Ce
yBeIuYaBa u APYTUT.

Pa3zpaboTennTe KOpeIairmoHHN MOJIEIHN CE OTHACST 3a U3CJICIBaHE
Ha 3aBUCUMOCTH MEXIy aHTPOMOMETPUYHUTE U OMOMEXaHUYHUTE Xa-
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PAKTEPUCTUKH, KATO OTACIHUTE MOAEIHN Ca U3rPaCHU NPEIr BCHUYKO
BbPXY KOpEJIAllMOHHUSI aHaJIU3 Ha aHTPONOMETPUUYHHUTE CIPSIMO MPO-
MsiHaTa B OMOMEXaHUYHUTE XapaKTEPUCTUKU, CBbP3aHa C PA3JIMYHUTE
OTCKOIIU Y TIOTYYEHUTE CHOTBETHO PA3IUYHU CTOMHOCTH Ha KOE€HUIIU-
EHTUTE Ha KOpeJalusl.

[Ipu oTckoka chC 3aMaxBaHe Ha ropHUTE KpatHui CMJA (Tadu.
25), OCBEH OYaKBaHUTE 3aBUCUMOCTH OT BBTPEIIHO I'PYIOB XapakTep,
BH3HUKBAT U TAKWBA 3HAUUMU MEXAYTPYTOBU 3aBUCUMOCTH OT KUHEMA-
TUYEH BUJ PbCT/BHCOYrMHA Ha OTCKOK hCMJAmax (0,687), pbct/cuna
Ha orTiackBaHe FCMJAmax (0,621), psct/ckopoct Ha orckok VCMIJA
(0,545). Ilo-nmogo6eH HaurH TEJIECHOTO TEIVIO CE€ OTHACS CIPSIMO IMOKa-
3arenute BucounHa hCMJA, cuna FCMIJA, ckopoct VCMIA, Bpeme
tCMJA, HajBUIIIaBaII KPUTUYHOTO TEOPETUYHO ONPEIECIEHO HUBO. 3a
HATHUPAHUTE TTOKA3ATEIU C YBEPEHOCT MOXKE J1a IPUEMEM, Y€ € OTXBbP-
JICHA HyJIeBaTa XUIOTE3a U € HAJIMIIE alTepHATUBHATA 332 3HAUUMOCT Ha
MOKa3aTeauTe OT U3CieABaHaTa u3Baaka. IHTepec npeacrasisBar B3a-
UMOBPB3KUTE MEXAY KUHEMAaTUUHUTE MoKa3aTenu yckopenne aCMIJA
cupsimo factor Romberg (0,559) u factor Romberg cnpsimo ckopoct
VCMIJA (0,557) u cuita FCMJA (0,600).

Kopenanuonen aHann3 Ha aHTPOINOMETPUYHU U OMOMEXaHUYHU
nokasarenu (TabJi. 26) ycTaHOBU 3HAUMMU BbTPEIIHOTPYIIOBU 3aBUCH-
MOCTHU MPHU aHTPOTIOMETPUYHUTE U OMOMEXaHUUHUTE XAPAKTEPUCTUKU
OT KUHEMATUY€CH U JUMHAMHUYEH TUII, KaTO PbCT/ABJIKUHA HA JIECEH KPaK
— 0,966; pbct/nbaxunHa Ha JsB Kpak — 0,971; pber/mmpruHa Ha pame-
Here — 0,918. [Ipu OMoMexaHUYHUTE XapaKTEPUCTUKU OT KUHEMATUUEH
U IMHAMUYEH THUII T0-3HAYUMH Ca BpEME 3a OTTJIACKBaHE/MaKCUMAJIHA
cuia — 0,967; MmakcuMaliHa ckopocT/mMakcumaina cuia — 0,745; ycko-
peHne/CKOpocT Ha OTCKOoKa — (0,964 ipu OTCKOK OT THUIT JPOM JHKbMII.

Ha Ta6ua. 28 ca nokazaHu 3HAUUMUTE KOPEJIAIMOHHU KOoe(UuIu-
€HTHU, CBbP3aHU C MPOMEHUTE, Bb3HUKBAIIY 3apagy aHAIM3UPAHETO HA
AHTPONIOMETPUYHUTE XapaKTEPUCTUKHU CbBMECTHO C PA3JIMYHUTE MOJIE-
JIM Ha JIBUTaTeJIHaTa CTPYKTYpa, ONPEIEISAIINA Pa3IndHU CTOMHOCTH Ha
napaMeTpuTe Ha OMOMEXaHWYHUTE XapakTepucTuku. O3HaueHUTE 3a-
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Tadoauua 25. Kopenayuonnu xoegpuyuenmu 3a omckox om mun
CMJA na excnepumenmannama zpyna

pbeT

Terno

rpbAHa 06.(cm)

ABbIK. Ha A.Kp.(cM)

ABLIK. Ha N.Kp.(cM)

LMp. Ha pam.(cm)

LIMp. Ha Ta3a (cm)

ABLIK. Ha xoA.(cm)

hCMJA[m]

FCMJAmax[kN]

VCMJAmax[m/s]

tCMJAotI[s]

aSCMJA[m/s2]

average[cm] PomGepr

frequency[Hz]Pomb6epr

,386

rpbaHa 06.(cm)

241

ABIK. Ha N.Kp.(cm)

LMp. Ha paMm.(cm)

Mp. Ha Ta3a (cM)

ABIK. Ha xoA.(cm)

,435

,430

,326

431

,297

,265

average[cm]

,251

-137 frequency[Hz]

factor PomGepr 288 458 436 .319] .355] 371 189 241 -3 acto
average[em]oToKkoK 449| 393| ,446| 443 242|460 160[415]144]~372[,yeragefem]

frequency[Hz]oTckok - 142] -069 ~435| -,389| -,268| -,083| -443[ - 146| -071-181] 07| -158| -089| -001 102 ~414]¢requencylH:
factor OTCKOK 388|138 ,057| ,436] ,378| ,266| ,074| ,460| ,168| ,023| ,158] -,012| ,110| ,142| -024 ,141

3abenescka. O3nauenume 3amvmHeHU npasovcvujHUyU OONBAHEHU ¢ eOHA UL 08e
36€30UYKU 0003HAYUABAM HATUYUEMO HA 3HAYUMU 3A6UCUMOCTIU.

Tabmuua 26. Koperayuonnu koepuyuenmu 3a omckoxk mun DJ na

pbeT

Terno

rpbAaHa 06.(cm)

ABLIXK. Ha A.Kp.(cm)

ABIK. Ha N.Kp.(cM)

wmp. Ha pam.(cm)

WwKp. Ha Ta3a (cm)

ABbK. Ha xoA.(cM)

hDJ[m]

FDJmax[kN]

VDJmax[m/s]

tDJotl[s]

aDJ[m/s2]

average[cm] PombGepr

eéKcnepumenmajinama cpyna

ABIK. Ha N.Kp.(cM)

-,280 -,320
471

wup. Ha pam.(cm)
IMp. Ha Ta3a (cm)

AbIXK. Ha xoA.(cM)

FSJmax[kN]
VSJmax[m/s]

-,243
,465

-,093
,378

frequency[Hz]Pom6Gepr 386 frequency[Hz]

factor PomBepr ,288 | 458 | 436 | ,319| ,355 | ,371 | ,189 | ,241 | ,323 =341 |actor
average[cm]oTckok 449 | ,393 | ,446 | ,443 ,242 | ,460 [ ,193 144 1,372 average[cm]
frequency[Hz]oTckok -,142| -,069 | -,435] -,389 -,083| -,443|-,172| -,087 | -,166| ,072 | -,147 |-,089] -,001| -,102] -,414 frequency[H.
factor oTCKOK ,388 | ,138 | ,057 | ,436| ,378 | ,266 | ,074 | ,460 | ,096 | -,009 | ,206 | -,166| ,218 | ,142]-,024] ,141 factor
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ThMHEHU NPABOBI'BIHUIM, JOMBIHEHU C €1HA WIHA C JIBE 3BE3AUYKU,
0003HayaBaT HAJIMYKMETO HA 3HAYMMU 3aBUCUMOCTH. BusyanHo ce 3a0e-
J513Ba HAJIMYMETO HA IMOBEYE CBOOOIHU HE3aThbMHEHH MTPABOBIBIHUIIN,
OTHACSIHU CE 32 MOAEIUTE Ha OTCKOKA OT pa3iMdeH Tull. EqHoOBpeMeH-
HO C TOBa OOCTOATENICTBO, MPE00IIaJaBaHETO HA 3aThbMHEHHUTE ITPaBOb-
I'bJIHUIY HU HACOYBA KbM CTPYKTYPH C TOBEYE 3HAUMMU KOpPEJIAllMOHHU
KOe(DUIIMEHTH, 32 KOUTO € BaJuHA aJITEpHATUBHATA XUIOTE3a 3a 3Ha-
YUMOCT U CE€ OTXBBPJISI C IbJIHA YBEPEHOCT HYJEBaTa XWIOTE3d, IIPU
KOSITO HAMa 3HAYMMHU CTOMHOCTH M 3aBUCUMOCTH ONPENECICHU CIIOPEL
cTaTucTudeckute kputrepud. [Ipu purypHoTo mbp3asisiHe OTYETIUBO Ce
M3M0JI3BaT TOPHUTE KPANHUIIN 3a MPOMsSHA HA KHUHEMaTUYHUTE XapakK-
TEPUCTUKH, KaTO bIVIOBA CKOPOCT HA BBPTEHETO Ype3 OMOMEXaHUYHUS
MIPUHIMIT — 3aKOH 32 3aI1a3BaHE HA MOMEHTA HA UMITYJICA IPU BbPTEIHU-
BOTO JIBUKEHHUE C FOJISIMO IPUJIOKEHHUE MPHU OTCKOK C POTAIUSI.

3.6. ®aKTOpPEH aHAJIU3

KMO (Kaiser-Meyer-Olkin) Tect 3a agexkBaTHOCT U Bartlett‘s —
TecT 3a chepudHOCT. [IbpBUAT € 001112 MHAUKALIHUS 32 MHOTOMEPHO pa3-
npejesieHne Ha JaHHUTE, OJIU3Ko 10 HopMalHOTO. TecTbT Ha baptier
IPOBEPSBA HYJIEBATA XUIIOTE3A, Y€ JAHHUTE HE JIEXKAT HA €]IHA IIpaBa B
MPOCTPAHCTBOTO, T. €. OOJIAKBT OT JIAaHHU MMa HSKaKBa ,.,chepuuHoct”
(Tadua. 43).

TectwsT HA baptiet e npubnuzutenno 0. ToBa mo3BossiBa nNpo-
BEKJ1aHEe Ha ()aKTOPEH aHaIU3 Ha JIAHHUTE 3a €KCIIEPUMEHTaJTHA-
Ta rpyna v rnojy4yaBaHe Ha aJiecKkBaTeH (DaKTOpeH MOJEI.

CMuchsibT Ha nanHute Ha ¢Gur. 34 e 1a Obje onpeeneH Heo0Xo-
IUMUAT Opoi haKTopH, a Te ca MUHUMYM JI0 YE€THUPH, 32 O0SICHSIBaHE HA
obmara aucnepcus. bposT dakTopu ce oTunTa 10 MOMEHTa, B KOKTO
¢durypara npaBu psizka IPOMsiHA HA CTPBMHOCTTAa CH B OCOKA Ha XO-
pHU30HTaJaTA.

B Ta6n. 36 ca noka3zaHu JaHHUTE, W3YMUCICHU 3a (pakTopHaTa
CTPYKTYypa, OTHACAILIA C€ 32 eKCIepuMeHTanHara rpyna. CTOHHOCTHUTE
Hax 0,5 ce ompeaensaT karo 3HauuMU U ToBa ca pbeT (0,875), rpbaHa
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Tabonuua 43. Tect Ha baptier

KMO and Bartlett‘s Test SJ

Kaiser-Meyer-Olkin Measure of Sampling Adequacy 319
Approx. Chi-Square 375,220
¢
Bartlett s ljest of df 120
Sphericity
Sig. ,000
Scree Plot

10

Eigenvalue

T T T T T T T T T T T T T
1 2 3 4 5 6 7 8 9 10 N1 12 13

Component Number

@ur. 34.

oobukonka (0,867), termo (0,902), npmkuHa Ha jgeceH kpak (0,849),
nbJKUHA Ha 5B KpaitHuk (0,880), mupuna Ha pamenete (0,808), mu-
puna Ha Taza (0,804), npmxkuna Ha xoawioto (0,720). Te ce oTHacar
KbM IIbpBU (daktop u onpenensat 40,76% ot obuiara qucnepcus. Tec-
TOBETE BUCOUMHA Ha OTCKoKa h_max (0,602), MmakcumainHa cuiia F_max
(0,846), ckopoct V_max(0,854), Bpeme Ha oTiiackBane t max (0,785)
Y MaKCUMaJIHOTO YCKOpEeHHUe pu oTckoka a_max (- 0,811) ca knacudu-
MPaHU KbM BTOpH (pakTop, onpenensr 25,52 % ot nucnepcusra.
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KbM Tpetu ¢dakTop ce ompeaensT cpe/iHaTa paBHOBECHA aMILIU-
TyJa OT npu3emsiBane cie; oTckok (0,935) u gpakropbT Ha CTAOMITHOCT
(0,961). To3u dakrop onpenens 12,97% ot nucnepcusara. KbM 4eTBBp-
TH (pakTop, onpenensir camo 9,89% oT nucnepcusra, cnaja Yecrorara
Ha cOOCTBEHUTE KojicOaHus Ha paBHOBecHaTa PyHkuus (-0,910).

Tadmuua 36. @akmopua mampuya

SJ Rotated Component Matrix*
Component
1 2 3 4
Prer ,875 ,339 ,014 ,307
Tero 902 350 ,086 -,065
I'pbana_oOukoika ,867 ,348 -,002 -,136
Hdecen_kpak ,849 ,292 -,025 ,380
JIsaB_kpak ,380 ,252 -,007 327
IIupuna pamene ,308 ,467 ,045 ,100
Hupuna Ta3 ,304 ,148 -,028 -,100
JbIKKIHA XOAUIIO0 ,720 ,465 -115 ,366
h_max 360 ,602 -,389 ,195
F_max ,445 ,846 ,197 ,072
V_max ,157 854 -,168 ,289
t_max 532 ,785 ,162 ,026
a_max -,476 -,311 ,041 -,040
Average jump -,002 ,006 ,935 ,285
Frequency_jump -,106 -,187 -,090 -910
Factor_jump ,055 -,029 961 -,143
Extraction Method: Principal Component Analysis.
Rotation Method: Varimax with Kaiser Normalization.
a. Rotation converged in 5 iterations.

HamnpaBeHusT pakTOpeH aHaIn3, CBbP3aH C OIlEHKAa Ha Pa3jIuyHU
JBUTATEJIHA TECTOBE, AaHTPOTIOMETPUYHHU XAPAKTEPUCTUKU U PABHOBEC-
HU XapaKTEPUCTHUKHU, TPyIIUPA U3CIICIBAHUTE KA4€CTBA KaTO y4acTBaIlU
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B rpynara nbpBu Qpakrop, BTopu ¢pakrop u T.H. HanuuueTo Ha GakTopeH
MOJEI ChIbpKa caMo TpH (pakTopa 3a ckokoBe oT Tuna CMJA (oTckok
¢ moMolira Ha pauere) u DJ (oTckok Tun apon jpxkbmi). Te3u aBa Thna
OTCKOLIM ChIBPKAT MO § TecTa KbM IbPBHU (HAKTOP U 10 5, KOUTO C€
OTHACAT KbM BTOpU (pakTop. C Masika pasyivka B IPOLEHTH Ha 00SCHe-
Hata aucnepcus (87,50% 3a CMIJA cpemy 83,61% 3a DJ) € OTCKOKBT
ChC 3aMaxBaHe Ha TOpHU KpaitHunu (CMJA).

N3BbpiieHUST (HAKTOPEH aHAIUM3 HU HACOYM KbM H3CIIE/IBAHE Ha
KOpenalioHHaTa 3aBUCUMOCT MEXTy OMOMEXaHWYHHUTE ITOKa3aTeH,
nosydeHu ot uH@opmatuBaute TectoBe CMJA (0TCKOK ChC 3amMaxBa-
He) u DJ (apon mxbMIT), OLICHKUTE 332 CKOKOBE, MUPYETU U CTHIKU U
AHTPOINOMETPUYHUTE MTOKA3ATEIIH.

Ta6auma 49

pbeT

Terno

rpbAHa 06.[cm] rpbAHa 06.[cm]

AbIK. Ha A.kp.[cm] AbIK. Ha A.kp.[cm]

ABLIK. Ha n.Kp.[cm] ABbINK. Ha n.kp.[cm]

wwup. Ha pam.[cm] wup. Ha pam.[cm]

wup. HaTasa[cm] wup. HaTasa[cm]

ABLIK. Ha xoAa.[cm] AbIXK. Ha xoa.[cm]

hCMJA[m] hCMJA[m]

FCMJAmax[kN] FCMJAmax[kN]

VCMJAmax[m/s] VCMJAmax[m/s]

tCMJAotI[s] -,086 [tCMJAotI[s]

aCMJA[m/s2] 304 | 279 | 197 | 427 | 430

CkokoBe 442 | 224 | 186 | ,384 | ,364
Mupyetn 352 | ,237 | ,220 | ,317 | ,286
CTbNKK 269 | ,225 | ,238 | 195 | ,216

Ha Ta6a. 49 e nokazaHa kopenalioHHaTa MaTpulla, OTHACAIIA CE
3a oTckoK (CMJA ) 3a excriepuMeHTaJIHATa rpyIa.

Kopenarmonnara Tabnuiia MmokasBa BbTPEHIHOTPYIIOBU Kopesa-
[IMOHHU BPB3KH 32 AaHTPOMIOMETPUUYHHUTE MOKA3aTENIN, MEXKIYTPYTIOBH-
T€ KOpEJalMOHHU 3aBUCUMOCTU MEXKIY aHTPONOMETPUYHHUTE U OHO-
MEXaHUIHUTE XapaKTePHUCTHUKHU, BHTPEITHOTPYIIOBH 3a IMOKA3aTeIIuTe,
CBBP3aHHU C OIICHKUTE OT CIIOPTHUTE ChCTE3aHMS M MEXKIyTPyIIOBa 3HA-
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yuMa 3aBUCUMOCT MC)KI[y H_II/IpI/IHaTa Ha paMeHeTe 1 ITOKAa3aTcJisi CKOKO-
Be (0,489).

Taoaunna 50

rpbAHa 06.[cm] rpbAHa 06.[cm]
AbNXK. Ha a.kp.[cm]

AbIXK. Ha A.Kp.[cm]
ObIK. Ha n.kp.[cm]

AbIK. Ha n.kp.[cm]

wup. Ha pam.[cm] wup. Ha pam.[cm]

wup. Ha Tasa [cm]

wup. Ha Ta3a [cm]
AbXK. Ha xoa.[cm]

hDJ[m]
FDJmax[kN]

AbXK. Ha xoa.[cm]

VDJmax[m/s]

tDJotl[s] -268 | -.280 -320 | - 243 | - 003
aDJ[m/s2] AT 465
CkokoBe ,186

Mupyetn 352 | 237 | 220 | 317 | ,286

CTbnku 269 | 225 | 238 | 195 | ,216

Ha Tada. 50 e noka3ana kopenainroHHaTa MaTpuia 3a orckok (DJ)
3a eKCIIepUMEHTaIHaTa rpyma.
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I'naBa 4. U3BOJAU U ITPEIIOPBKHU
4.1. U3Boan

l. AHanu3bT Ha cnenuaavM3upaHara JUTeparypa MoKa3Ba, Y€ KbM
Hal-BaXHU CIEIU()UYHN JBHUTAaTCIHM BB3MOKHOCTH Ha (QUry-
PUCTKHUTE, KOUTO OINPEISISAT CIIOPTHOTO MOCTHKEHUE, MOXKEM J1a
OTHECEM CKOPOCTHO-CUJIOBUTE CIIOCOOHOCTH, KOOPAUHAIIMATA Ha
IBIDKCHUSATA M YCTOMUYMBOCTTA HA BECTHOYJIApHHMS amapar.

2. OCHOBHHM TEHJICHIIMH B pa3paOdOTBAaHETO HA CHCTE3aTEIIHU MPO-
rpamMu 3a (PUTYPUCTKUTE ca yBEJIMYaBaHE Ha KOOPJUHAIMOHHATA
CJIOKHOCT M Ka4eCTBOTO Ha U3MBIHEHUETO HA CKOKOBUTE €JIEMEH-
TH, KaKTO M YILTBTHSIBAHETO Ha IIPOTPAMHUTE C U3IBIHCHNEC HA ITH-
PYETH U CTBIIKH C Hal-BHCOKO HHMBO Ha CIOXHOCT. BbBeX1aHETO
Ha HOBaTa ChJIUICKA CUCTeMa BbB (DUT'YPHOTO IIbP3JISTHE JIOBEJIE
JI0 3HAYMTEIIHO YCI0KHEHUE Ha ChCTE3aTeIIHUTE ITPOrpaMu, KOETO
HaJiara oIIe Io-BUCOKH U3UCKBAHUS KbM aJalTallMOHHUTE CKOKO-
BU Bb3MOKHOCTU Ha (PUTYPUCTKUTE.

3. BapuanpoHHUSAT aHAIM3 Ha TTOKA3aTCIUTE HAa aHTPOTIOMETPUYHUS
CTaTyC Ha W3CJICABAHUTE (PUTYPHUCTKH € C HOPMAJIHO pPas3lpe/ie-
J€HWE W TP JBETE M3MEpBaHUsA M OCJIe)KH YBEIMYaBaHE, KaTo
Hal-BUCOK € MPUPACTHT MPHU PBHCTA U JIBJKWHATA HA JIOJHUTE
KpalHUIIA ¥ Ha-HUCHK IIPU MHpHHATA Ha Ta3a. CpaBHUTCITHUST
aHanu3 upe3 t-kputepus Ha CTIOABHT 32 3aBUCUMH H3BAJKH JI0-
Ka3a CTaTUCTUYECKHU JOCTOBEPEH MPUPACT B AHTPOTIOMETPUUHUTE
MOKAa3aTeNid Ha M3CIICIBAHUTE ChCTE3aTENIKH 10 (PUTYPHO IThp3a-
JISTHE.

4. TlpupacThT BbB BUCOYHMHATA HA OTCKOKA IMPU JPOIT JHKBMIT CKOKO-
BE € Hal-BUCOK CIIPSMO OCTaHAJIUTE CKOKOBU IOKa3aTesu, KOoe-
TO BEPOSATHO C€ IBKU Ha J00para aMOPTH3AIUs MPU CTHIIBAHE
B ABbJIOOYMHA OT BHco4ynHa 30 c¢cm, IIOCJIEIBaHO OT OTCKOK, U Ha
CITOCOOHOCTH 3a M3IBJIHEHHE HAa KOMOMHAIIMM OT CKOKOBE ChHC
3ama3BaHe Ha MHEPIUATa OT IBbPBUS CKOK. IIpmpactht, 0Oaue B
MaKCHUMaJlHaTa CHJIa € Hall-ChIIIECTBEH IIPH OTCKOK C ITOMOIITA Ha
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pBIETE, KOETO € MoKa3arel 3a 100pa KOOpAuHaLIUs, JOKATO TpU-
pacTbhT B MAKCUMaJIHAaTa CKOPOCT € Hall-BUCOK MPU OTCKOK C MPE/I-
XOXKJaIa aMopTU3aIusl.

. CpaBHUTETHUAT aHAJIN3 HA OLICHKUTE OT IbPKaBHUTE TbPBEHCTBA
3a M3CIEIABAaHMS MEPUOJ YCTAHOBH IMO-BUCOK mpupact — 14,8%,
IIPU CKOKOBUTE €JIEMEHTH IIPU EKCIIEpUMEHTAIHATA TPyIia B CpaB-
HEHUE C KOHTpoJiHaTa. ToBa Jl0Ka3Ba €PEKTUBHOCTTA OT MPUIIO-
KEHUTE CPEACTBA 32 TPEHUPOBBYHO BB3ICHUCTBUE, HACOYEHU KbM
pa3BUBaHE Ha cHeNU(PUYHUTE CIIOCOOHOCTH Ha MIIAJUTE (UTY-
PUCTKM U BJIUSHUE Ha CHeIUaiHaTa (u3NUecKa MOJArOTBEHOCT
BbPXY HUBOTO Ha TEXHUYECKUTE YMEHUSI.

. IIpu excniepuMeHTalIHATa TpyNa € OTYETEH MO-BUCOK MPUPACT 32
CKOKOBETE B YCJIOBUSI Ha peaaHo cheTe3anue. [lomyueHusT Bucok
IpUPacT Ha M3CJIEIBAHUTE IOKA3aTeln 3a EKCIEPUMEHTaJHATA
rpyna B CpaBHEHUE C TO3M Ha KOHTPOJIHATA JOKa3Ba €()EKTUB-
HOCTTA U MPWIOKUMOCTTA Ha pa3paboTeHaTa CHOPTHOIEIAroru-
yeckaTa METOMKA B Y4eOHO-TPEHUPOBBYHHSI IIPOIIEC.

. JlMHAMUYHOTO 3a1bpKaHE HA PABHOBECUETO CJIE]T OTCKOKA B I103a-
Ta Ha MPU3EMsBAHE € M0-€(EeKTUBHO OT CTAaTUYHOTO PaBHOBECHE
B 103a PoMOepr, koeTo ce 00siCHsIBa ChC crienM@ukara Ha criopTa
¢dburypno mep3ansue. Habmronasa ce, o0aye BiomiaBaHe Ha paBHO-
BECHETO MPU HApACTBAHETO HA AHTPOMOMETPUUYHUTE MOKA3aATEIU
— PBCT, TEIVIO U TPhJIHA OOMKOJIKA.

. YCTaHOBEHHU Ca 3HAYMMU BbTPEUTHOTPYIIOBH 3aBUCHUMOCTH 3a aH-
TPOMOMETPUYHUTE U OMOMEXAaHUYHUTE MOKA3aTEeNHN MPU BCUUKU
BUJIOBE OTCKOK. [Ipu BcHuUku , O€3 OTCKOK C MOBTOPEHHUE, UMa
3HAQUUTEJIHA 3aBUCUMOCT MEXJy BHCOYMHATA Ha OTCKOKA h u aH-
TPONIOMETPUYHUTE TOKA3aTelid, ¢ W3KJIIOUCHHE Ha IIMPUHA Ha
Ta3za. Makcumannara cuia npu SJ, CMJ, CMJA, DJ ce yBenu-
4yaBa C yBEJIMYABaHE Ha IMOKA3aTeNIUTE 3a PBCT, TEMIO, TbIKHUHA
Ha JIOJTHUTE KPaWHUIM, IPbJAHA OOMKOJIKA, IUPUHA HA pPAMEHETE,
JIOKaTO IIMpUHATA HA Ta3a HE OKa3Ba BIUSHUE BbPXY CUJIaTa Ha
orckoka. [Tpu 20 nocnenoBarennu orckoka (RCMJ) antpornomer-
PUYHUTE MOKAa3aTesId OKa3BaT CJIa00 BIMSHUE, BIUSST BbPXY CH-
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nata Ha oTckoka (r mexay 0,357 u 0,396). EnuncrBeHo ymepeHa
3aBucuUMOCT OT 0,493 nma ¢ muprHa Ha paMEHETE.

9. PaBHoBecHUTE KosebaHus mpu mo3ata PoMOepr ca B 3HauMTENIHA
3aBHCUMOCT OT TEIJIOTO U I'pbJiHaTa ooukonka —r— 0,499-0,508, a
PBCTHT Ha (PUTYPUCTKUTE BIIUSIC BbPXY PAaBHOBECHUETO — C YBEIU-
JaBaHE HA aMIUIUTY/AaTa Ce yBEIMYaBaT PABHOBECHUTE KOJIeOaHuUs
P TO3ULIMSITA HA MIPU3EMSIBAHE CJIe/l OTCKOK, T.€. PABHOBECHETO
€ HEeCTaOMITHO, KOETO ce OOSICHSABA C MO-BUCOKO PA3MOJIOKEHUE Ha
OIIT na TanoTO.

10. Pa3kpuTa € pakTopHaTa CTPYKTYpa Ha IBUTATETHUTE CIIOCOOHOCTH,
aHTPOIIOMETPUYHHU U PAaBHOBECHHM XapaKTepUCTUKHU. M3BeneHH ca
TPU OCHOBHH (haKTOpa — aHTPOIIOMETPUYECH, OMOMEXaHUYEH U PaB-
HOBeceH. Te Morar ja ObAaT W3MOI3BaHN KAaTO ONTUMHU3AMOHHU
MOJIEJIN 32 YCHBBPIIEHCTBAHE HA CTPYKTypara Ha OCHOBHHU JIBHKE-
HUS ¥ YIPAKHEHUS BbB (PUTYPHOTO IIbp3ajIsHE.

4.2. llpenopbku

1. TlpenopbuBame Ha bbirapckara geaepaius Mo KbHKH J1a U3M0JI3-
Ba Bb3MOKHOCTUTE HAa HOBUTE amapaTypHH YCTPOMCTBA 3a KOH-
TPOJI U OLICHKA Ha CKOKOBETE U PABHOBECHUTE Bb3MOXKHOCTH MPH
MOJIpacTBallM ChCTE3aTeNU M0 (UTYPHO IbP3AJIIHE.

2. HeoOxonumo € pa3pabOoTBAaHETO HA MOJICJIHU XapaKTEPUCTUKU Ha
SJIUTHU MOAPACTBAIIM (PUTYPUCTKH, CHOOPA3HO PHCTA U BUCOYU-
HAaTa Ha OTCKOKA.

3. Pa3paboTeHUsT KOMIUIEKC OT YIPAKHEHUS 3a Pa3BUBAaHE Ha CKO-
POCTHO-CWJIOBUTE CIIOCOOHOCTH M YCTOMYHMBOCTTAa HAa BECTHOY-
JapHUA anapar Mnpe3 MOArOTBUTEIHUS NEPUOJT OT TOAUIIHUS Tpe-
HUPOBBYEH IIMKBJI HA €Talla Ha CIOPTHOTO YCHhBBPILICHCTBAHE HA
burypuctkute Moxke 1a Obje npegoctaBeH Ha bbirapckara ge-
Jepanus o KbHKH C MPEJI0KEHHE 3a MPUJIaraHe.

4. Anaparypara BTS G-sensor 1a 0bJie anipoOupana 3a TECTUPAHE B
peasHu TEPEHHU YCIIOBHS, a UMEHHO Ha JIE/I.
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INTRODUCTION

Relevance of the study. Figure skating is a sport with complex
coordination structure, in which the movements are performed on the
ice by turning, changing direction and speed, combined with
additional elements such as Jumps, Jump Combinations, Jump
Sequences, Step Sequences and Spins.

Figure skating refers to a group of sports with a stable
kinematic structure that characterizes the form and their nature to be
established on the basis of rational structure and a number of
biomechanical requirements for style and aesthetics, which the athlete
has to comply with. The main task is increasing the stability and
quality of execution. The expansion of the technical variety is
provided by the creation of new exercises, whose dynamic and
energetic characteristic have to match the capabilities of the individual
athlete.

The focus in the development of figure skating today is its
tendency to aspire towards harmony of the main components of
skating and the balanced content of the programs. Skaters must
demonstrate mastery of all elements — Steps, Spirals, Spins and Jump
Elements.

One of the characteristics of modern figure skating is the
progressive difficulty of competition programs. The most important
indicator for the mastery of the skaters is the level of performance of
Jump Elements, which have the greatest impact on the final score at
the competitions.

In this regard, to achieve the highest results in the performance
of multi-revolution jumps, modern educational-training processes
should aim to improve the quality of their mastery and increase the
amount of revolutions executed during the flight phase. This can be
achieved by increasing the height and length of the jump, as well as
the initial angular speed bounce, followed by a rapid retraction of the



contact points of the body during the flight phase. All this requires a
high level of development of speed-strength qualities, good
coordination of movement and sustainability of the vestibular system
at a very early age.



Chapter 1. STAGING OF THE PROBLEM ACCORDING TO
DATA FROM SCIENTIFIC AND METHODICAL
LITERATURE

1.1. Major trends in development of the competitive
programs for figure skating in the historical aspect

Main technical components of the free programs are complex
multi-revolution jumps, as they represent the most difficult
movements in free programs (Mishin, A. N., 1981). The main trend in
changes in programs is characterized by increasing the complexity of
the elements and connections in the combinations (Tihomirov, A. K.,
1989). Development of the free programs is a constantly increasing
complexity of coordination of movements and speed and increasing
the requirements for musical and aesthetic characteristics (Tthomirov,
A. K., Kuznetsov, A. V., 1989).

The proposal for reform of the judging system in figure
skating was first raised by the leadership of the International Skating
Union (ISU) Congress after the Olympic Games in 2002. The essence
of the new system is that instead of two “general” marks (for the
complexity of the program and for its presentation), the judges
evaluate all elements in the program separately. Each element has the
specified Value, which is permanent and not subject to change (at least
for one season).

The new rules impose new requirements to the competitive
programs. So, in ladies’ free programs the maximum number of jump
elements is seven, one of which must be an Axel type jump. There
may be up to three jump combinations or jump sequences. One jump
combination could consist of up to three jumps, the other two of up to
two jumps. The maximum number of spins are three — one of them
must be a jump into the spin, a combination spin and a spin in only
one position. There are certain requirements for the minimum



revolutions in various spins. There must be a step sequence and a

choreographic sequence in free skating (ISU Special Regulations,
Single & Pair Skating, 2014).

1.2. Characteristic of the jumps in figure skating, as a type of
motor activity

The jumps in figure skating differ in the way of the take off
and they split as follows: an edge take-off is, in which the take-off is
from the edge of the blades, and also a toe take-off, in which the take-
off 1s from toe of the blade.

The jumps differ by the number of rotations: jumps without
rotation during the flight and those with rotation of the body in 0,5; 1;
1,5;2;2,5; 3; 3,5; or 4 revolutions.

The jumps in figure skating are interrelated movements of
individual parts of the body. To study such movements is more
convenient by dividing the whole movement into separate parts, each
of which solves its own specific task. As parts of the jump have a
continuously variable characteristic there are also possibilities to
divide the jump into separate parts.

1.3. Analysis of the jump technique

The most important indicator of the complexity of jumps is
the amount of revolutions that figure skater performs during the flight.
For this reason, it is an important mechanism for creation the rotation
of the body around the longitudinal axis during their execution. The
rotary movement around the longitudinal axis of the body occurs
during the take-off. During the performance of the flexed position
closed to the body and dissolution, figure skater can only increase or
decrease the angular velocity of rotation.



1.4. Specific motor skills of figure skaters. Age characteristics

The modern figure skating is characterized by the complexity
of the programs saturated with complicated jumps. This requires high
reliability and stability of the technical skills that can only be achieved
with a high level of development of the speed-power qualities of
young skaters (Buhartceva, 1. G., 1972, 1973, 1974; Tihomirov, A. K.,
1974; Medvedeva, 1. M., 2002). A. N. Mishin (1981) considers that a
good jumping skill is needed and suggests susceptibility of the child’s
openness to jumps in figure skating to be analyzed from two
perspectives: from the point of view of the height and length of the
jump, the ability to use the speed obtained during preparation, the
propensity to free-over movements in pushing, and the ability to rotate
in the air. It should be noticed that the ability for rotation around the
longitudinal axis of the body during the flight is crucial (Mishin, A.
N., 1973). The ability for a sharp retraction of the limbs to achieve the
high speed of rotation is the basis for multi-revolution jumps.

The figure skater’s ability to orient in space and time, to
quickly and accurately perform the most complicated movements
under conditions of small and unstable support is achieved by
improving the analysts involved in the equilibrium reactions. To them,
except the vestibular analyzer, relate also visual and motor analyzers.
A sufficient level of development of the equilibrium (the balance i1s
the ability of people to hold the body or certain segments of the body
at a certain position as a result of the complex collaboration of many
organs and systems aimed at opposing the forces of gravity) allows for
a faster mastery of the intricate technique of different physical
exercises at a higher technical level (Bondarevskiy, E. Y., 1976).

Body balance, as is known, is regulated by the vestibular
system, which ensures the position of the body and its orientation in
space. It 1s a peripheral receptor device which is part of the vestibular
analyzers. N. P. Simanovskiy (1914) considers that the vestibular



system “manages” the position and movement of the body in space
and muscle tone. V. I. Voacek (1915) states that “in all cases of a
normal action of the vestibular apparatus” straightforward (when the
body moves in a straight line) and angular acceleration (where rotated)
play an important role. M. F. Cytovi¢ (1922) sees the significance of
the vestibular system for adjusting the balance of the whole body and
its individual parts, calling it a “peripheral center of balance”. The
sensitivity of the vestibular system in healthy people is different and
depends on the strength of the stimulus, the level of simulus of the
vestibular system and its resistance to irritation (Fedorova, G. S.,
1973). The vestibular system reaches the adult level of development
in boys aged 11 to 12 years, and in girls within 1-2 years earlier
(Groshenkov, S. S. and co-authors, 1966). The threshold of the
sensitivity of the vestibular analyzer depends mainly on heredity
(Schwartz, V. V., 1977; Singer, R. N., 1980).

The vestibular system 1is loaded heavily during the
implementation of multi-revolution jumps, of spins, etc.
(Hismatullina, L. Y., 1972; Erfilova, N. G., 1980).

1.5. Sports training in the system of skaters’ preparation

The content of sports training of the figure skater, as a
multilateral process can be represented in different aspects. Thus,
considering various aspects in terms of their predominant influence on
one or other components, on the readiness of the skaters to
competitions differ: physical training (the portion of the training which
provides mainly physical readiness for skaters in competitions), sports
and technical training (training related primarily to utilization of the
technique and tactics), and aspects that provide the necessary
motivational, ethical, intellectual and special psychological
foundations for the activity of skaters. In determining those aspects of



an athlete’s preparation different concepts are using: moral-volitional
preparation, intellectual and psychological preparation.

Mastering the technique of complicated-coordination
movements typical for figure skating, the successful implementation
of these movements in competitive conditions, overcoming the high
trainings, needed for skills improvement, requires a sufficient level of
development of physical abilities in skaters.

The main body of sports training for the skaters is the physical
preparation. It is a process of nurturing the physical abilities required
in sports activity.

Significant progress in figure skating is possible on the basis
of general increase in functionality of the body, the overall
development of the physical and mental abilities of the skaters.

The multiannual training of athletes in figure skating involves
the following stages: sports and wellness stage (4—15), the stage of
initial training (4—7), the training stage (sports specialization) (8—10),
stage of sport improvement (11-13) and stage of high sports mastery
(14 +).

1.6.  Hypothesis of the study

Based on the study of literary sources and our practical
experience, we found significant differences in the opinions of a
number of authors in terms of volume, and variability of training
methods of the skaters. There is a tendency to give priority to the
development of explosive power. The role of the coordinating
capabilities and resilience of the vestibular system is underrated. It is
assumed that the specific training methodology of exercises with a
speed-power character along with those for improving the
equilibrium stability in young figure skaters, will improve the
quality of execution of the jump elements that have the greatest
influence on the final results of the competition.
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Chapter 2. PURPOSE, OBJECTIVES AND METHODOLOGY

2.1.

OF THE STUDY
Purpose of the study

The aim of our study was to increase the efficiency of the

process of preparing young skaters through specific training

methodology aimed at developing of high-speed power-abilities and

equilibrium resistance.

2.2

Tasks of the study

For the realization of the main goal we set up to solve the

following tasks:

l.

To study the characteristics of physical activity in figure
skating.

To determine the relationship between the elements of the
programs and the outcome of the technical preparation of the
skaters.

To see a correlation between anthropometric parameters and
those for jumping abilities (bouncing).

To develop an experimental methodology for developing
speed-power characteristics on the basis of optimizing the
ratio between training for general and explosive force within
the framework of the preparatory period of the annual
educational-training process.

To establish the effectiveness of the proposed methodology
and to use the results of the survey in the sports practice.

To put forth the factor structure of speed-power training,
anthropometric indicators and the equilibrium resistance in
adolescents figure skaters.
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2.3. Subject, object and a contingent of research

The subject of the study is dialectical relationship between
parameters of speed-power preparedness and equilibrium stability in
the jump elements by the young skaters.

The object of the research is the structure of the speed-power
preparedness and equilibrium stability in adolescent figure skaters.

Contingent of the study. The study included a total of 51 single
skaters’ girls at the age of 11 to 13 years from various skating clubs in
Bulgaria. In the sample were dropped 13 contestants, who for various
reasons have not participated actively in the three sports competitive
years.

2.4. Methods of study

To solve the set tasks following research methods have been
used:

1. Systematization, processing and analysis of data from
scientific and methodical literature on the researched issues.

2. Pedagogical supervision.

Sports pedagogical testing. The test battery included 15 types
of measurements (Table 1)

—  Anthropometric medical measurements — 8 indicators.
— Apparatus methodologies — 7 tests.
4. Sports pedagogical experiment.

Statistical methods:

¢ Descriptive statistic

¢ Correlation analysis

¢ Comparison of Student’s t-criterion
¢ Factor analysis
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Table 1. Tests
Ne | Name Measuring units xgﬁig?;g
Measuring of the anthropometric indicators
1 Height [cm] 0,1
2 | Body weight [kg] 0,1
3 | Chest volume [cm] 0,1
4,5 | Length of right and left lower limb [cm] 0,1
6, 7 | Width of the shoulders, pelvis [cm] 0,5
8 | Foot length [cm] 0,5
Measuring of the physiometrics indicators
9 Squat Jump [cm, kKN, kW, m/s] 0,01
10 | Counter Movement Jump [cm, kKN, kW, m/s] 0,01
11 | Counter Movement Jump with arms rush |[cm, kN, kW, m/s] 0,01
12 | Drop jump [cm, kKN, kW, m/s] 0,01
13 | 20 repeated jumps [cm, kKN, kW, m/s] 0,01
Measurement of biomechanical torque characteristics
14 | Romberg [cm, HZ] 0,01
15 | Landing position [cm, HZ] 0,01
2.5. Organization of the study

To solve the tasks researches were organized and conducted

between 2015 to 2018 in the Center for Research and Applied Activity
in Sports, in the Department of “Anatomy and biomechanics™ at the

National Sports Academy “Vassil Levski” and in the Winter Sports

Palace.

The study went through the following stages:

Stage | — June 2015 to October 2015 — research,
systematization and analysis of the data from the
methodological literature on potential problems of jumping
elements technique in figure skating and physical properties
of the skaters. Familiarization with the equipment and
technology, necessary for the conduct of the study. The
formulation of the working hypothesis and of the purpose of
the study. Defining the tasks, methods and test battery for
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testing. Conducting the first measurement — anthropometric
indexes and jumping efficiency.

Stage 2 — October 2015 to September 2017. Analysis of
trends in the development of figure skating. Developing a
methodology for development of explosive power and
coordination abilities. Determination of the experimental
group and direct participation in ongoing training activities
with it. Measuring the equilibrium resistance of the skaters.
Conducting the second measuring of the anthropometric
indexes and jumping efficiency.

Stage 3 — October 2017 to December 2018 — mathematical
and statistical processing, analysis and summary of the data
from the surveys. Finalization of the thesis.
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Chapter 3. ANALYSIS OF THE RESULTS OF THE
RESEARCH

3.1. Trends of the influence of technical items on the rankings

Execution without errors of multi-revolution jumps and jump
combinations is the main criterion for the technical skills of the
skaters. We organized a pedagogical observation on 95 short and free
programs of figure skaters, ranked from 1% to 24™ place at World
Junior Figure Skating Championships — 2006 and 2016. We did video
analysis of all elements in competitive programs that were recorded in
tables, with the reflected errors in their implementation. We recorded
a total score for all executed elements, and values of judges marks for
the performance of each individual element (total of 901 items) from
the official judging protocols. We calculated the total values of the
elements in groups: jump elements, spins and step sequences. We
conducted a preliminary study to determine the elements with the
greatest weight on the final result in the competition for junior ladies.
Tables 3 and 4 shows the descriptive statistics of the summary values
for each groups of items, researched by us in short programs and free
skating.

From the preliminary study we concluded that jump elements
have the greatest impact on the final result, which in the first place are
much more than the other elements — in a short program they are three,
and in free skating — seven. Secondly — quantitative values of jump
elements that figure skaters must perform in modern programs are
higher than other elements. The coordinating complexity of the jumps
and the quality of their execution increases. The importance of the
spins reduces both in short program and in free skating. In step
sequences there also can be observed an increased influence on the
final result.
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Table 3. Descriptive statistics — Short Programs — Junior Ladies at
World Junior Figure Skating Championships: 2006 (1) and 2016 (2)

Indicators Xmin | Xmax R X SEg S 4 As Ex
Total value of the | 63 | 191 | 13,18 [ 1135 | 0,63 | 3,10 | 27.34| 088 | 1.4
jump elements (1)

Total value of the 8,52 | 21,89 13,37 [ 1520 | 0,75 | 3,67 | 24,18 | 0,06 | -040
jump elements (2)

Torlvalue of the | 51 | 983 | 472 | 747 | 027 130 | 1743 | 023 | -0.44
spins (1)

Towlvalue of the | ¢ g1 | 1163| 272 | 1026 | 018 | 088 | 858 | 015 |-147
spins (2)

Total value of the 1,71 | 3,24 | 1,53 | 2,32 0,07 | 035 ] 1528 0,23 | 0,97
step sequences (1)

Total value of the 267 | 520 | 253 | 3.98 0,17 | 0,82 ] 20,60 0,09 |-1,28

step sequences (2)

Table 4. Descriptive statistics — Free Skating — Junior Ladies at
World Junior Figure Skating Championships: 2006 (1) and 2016 (2)

Indicators Kmin | Xmax R X SE ¢ S 4 As Ex
fotalvalue of the | 4y 51 4540 | 37,18 [25.07 | 1,66 | 812 | 3239| 077 | 1,72
jump elements (1)

Total value of the | 4 o1 53 61 | 32,76 | 35,54 | 2,18 | 1043] 2935| 036 | -1,07
jump elements (2)

thalvalueofthe 5.17 | 1040 | 523 | 737 0,26 1,29 | 17,50 0,73 1,02
spins (1)

Tolvalue of the | ¢ 91 | 1205 | 514 | 973 | 020 | 138 | 1418 | -0.40 | 023
spins (2)

Total value of the 176 | 3,17 | 1.41 | 2.20 0,08 041 | 18,64 0,89 0,50
step sequences (1)

Total value of the 180 | 500 | 320 | 3.27 0,17 | 0,82 | 25,08 -0,08 | -0,23

step sequences (2)
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3.2. Descriptive statistics of anthropometric indicators of
skaters

All anthropometric data from the first and second study are
shown in Fig. 9, where you can clearly see an increase in all indicators,
which is normal for adolescent girls. The highest growth is in height
and the length of the lower limbs, and the lowest — in the width of the
pelvis.

B I measurement m II measurement

160 1

120 1

80 7

40 -

00

Height Weight Chest Length Length  Shoulders'  Pelvis Foot
[em] kgl vol.Jem] r.leg [em] lleg[em] width [cm] width [cm] length
[cm]

Fig. 9. Dynamics of anthropometric indicators

In the descriptive statistics of the anthropometric indicators
(Table 7 and 8) we observe the low values of coefficients of variation
— less than 24%, an indication of normal distribution of the data from
the sample. This allows us to do a comparative analysis using the t-
criterion of Student’s test for dependent samples.

The empirical value of the t-Student’s test exceeds tabulated
identified critical levels (Table 9). An additional circumstance is the
fact that the guaranteed probability P; [%] exceeds the critical (95%)
value.
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Table 7
| 2 | 2| 2 |22|%E| 88 2| B~
c8| @ | @ | o |gwlS8| 52| 2E| 8¢
=B B RS ) > %DE = 2= .2 5 = O
L 2| T = 7 = | OP| =o| Z—| 52—
S O o | A®| 5§~ |NE| @ 2
=NE @) %S — A~
X 141,0 | 33,3 62,4 81,1 81,2 31,5 21,7 21,6
S 10,0 8,0 5,0 6,7 6,7 2,8 2,2 1,6
Var 7% 24% 8% 8% 8% 9% 10% 8%
As -0,1 0,7 0,4 0,2 0,2 -0,1 0,3 0,3
Ex -0,7 0,3 -0,3 -0,1 -0,1 -0,6 0,1 -0,2
Max 158,4 | 54,6 | 73,5 95,6 95,8 36,5 26,5 25,5
Min 121,2 | 20,4 | 53,0 67,5 68,2 26,0 17,0 18,5
Range | 37,2 34,2 | 20,5 28,1 27,6 10,5 9,5 7,0
Table 8
— = <
T E = o G 5 = <
2 = | 2| 2 | EEgleE|E |2 5
E5| m | ®| 3 |88|°8| 58| F| 87
S 2 as| = 17 o © 0o | B 2 <
< 2 El5" |87 |2 |8 |=&
S E O . — n
X 149,7 | 41,2 67,0 86,9 86,7 33,9 22,7 22,8
S 94 9.4 5.3 5,6 5.3 2,8 2,2 1,3
Var 6% 23% 8% 6% 6% 8% 10% 6%
As -0,5 0,4 0,2 -0,2 -0,1 -0,2 -0,1 -0,2
Ex -0,6 -0,2 0,2 -0,6 -0.4 -0,6 0,3 -0,6
Max 163,4 | 64,0 81,0 97,2 97,2 39,0 28,0 25,5
Min 130,0 | 254 58,0 76,0 76,5 28,0 18,0 20,0
Range | 33,4 38,6 | 23,0 21,2 20,7 11,0 10,0 5,5
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Table 9
Indicators meIas. IT meas. d D [%] t P:[%]
Height [cm] 141,0 149,7 8,8 6,2 -16,5 | 100,00
Weight [kg] 33,3 41,2 7,9 23,7 | -13,6 | 100,00
Chest vol. [cm] 62,4 67,0 4,6 7,4 -12,1 100,00

Length right leg[cm] 81,1 86,9 5,8 7,1 -11,8 | 100,00
Length left leg [cm] 81,2 86,7 5,5 6,7 -11,4 | 100,00
Shoulder width [cm] 31,5 33,9 2,4 7,6 -11,0 | 100,00
Pelvis width [cm] 21,7 22,7 1,0 4,5 -42 99,98
Foot length [cm] 21,6 22,8 1,1 5,3 -10,0 100,00

m I measurement m Il measurement md wmd[%]

160

120

80

40 1

00 +

Height [cm]

Weight [kg]

Chest vol. [cm]
Length right leg [cm]
Length left leg [cm]
Shoulders' width [cm]
Pelvis' width [cm ]
Footlenght [cm]

Fig. 10. Growth anthropometric indicators

Thus, with confidence we may reject the null hypothesis and
accept the alternative for the presence of a significant increase in data
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from the test sample, relating to the growth in the anthropometric
parameters (Fig. 10).

3.3.  Descriptive statistics of jumping indicators

The jumps in figure skating are an integral part of motor
activity. One of the conditions for their good execution are great height
and length. Criteria for this are speed-power qualities, the coordination
capabilities and sustainability of the vestibular system. In the study of
differential development of speed-power capability regarding
bouncing is found that girls and junior girls the highest rate of
development is observed at the ages between 10 and 14 years old
(Volkov, L. V., 1981; Goncharov, N. N., 1952; Grodzitska, A., 1983,
etc.). A number of studies show that despite bouncing, some extent
innate ability of humans by applying the effective exercises can
significantly increase the level of speed-power preparedness of the
athletes (Verhoshanskiy, Y. V., 2013). In biomechanical aspects,
jumps represent an upward movement of the body in relative to the
support surface by means of the lower extremities followed by flight
with rotation and landing. According to biomechanics this movement
is realized by the formula hp, gy = Vipax * trake—of > Where Ry gy is the
height of the jump, V},,,, 1s the maximum speed of the take-off from
support, a tgre—of s 18 the time that takes place through the bounce by

the leg in concentric action of the extensor of the feet and also
according to the law on the impulse of power Fyqx * trgke—ofr =M™

Mm-Vmax

Vinax s ttake—off =

Fmax

In the descriptive statistics we consider the height h of the
bounce, the maximum force F,,, realized in the motor activity,
maximum speed V4, the time for take-off t1qxe—orf and maximum

acceleration a,;, ;.
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The analysis of the performance of the tested athletes with G-
sensor 5 types of the jumps showed the highest increase rate in the
Drop Jump — the height of the bounce —9,74% (Fig. 11), the maximum
speed — 71,05% in the experimental group.

Bl ml md ©d%] -
< =
10.00 > >
<
5.00 [ it
>~ o0 X0 oo on
328 185 23
0.00 _,__a_,h =
hSJ[m] hCMJ[m] hCMJ[m] hDJ[m] hRCMIJ[cm]

Fig. 11. The jump height

The increase in the maximum force is greater in the rebound
when using the arms FCMJA = 83% (Fig. 12).

Bl B Bd Bd[%]

90.00

83.00

| 61.42

60.00

v
S
v
on

30.00

1.76
0.93
0.83

1.14
0.53
0.61
0.89
0.54

e S—

0.00 -
FSJmax[kN] ~ FCMJmax[kN] FCMJAmax[kN] FDJmax[kN]  FRCMJmax[kN]

Fig. 12. Maximum force

In the control group, the results are identical — the highest
growth rate is in the Drop Jump: height of jump — 6,63%, maximum
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speed — 68,95%, maximum force on the rebound using the arms is
72,79%.

To check the effectiveness of the methodology applied in the
sports practice, we used the method of expert evaluations. The analysis
of skaters’ evaluations of the experimental and the control groups for
the time period of monitoring from the Judges protocols of the
National Championships found the following: a higher rate in jump
elements in the experimental group — 38,9% compared to the control
—31,1% and in spins — 45,3% in the experimental group and 39,0% in
control group (Fig. 24 and 25). This verifies the effectiveness of the
methodology applied in the sports practice.

Judges marks - experimental group

HJumps O Spins O Steps

A

50.00 45

39
40.00 +
30.00 +
20.00 +

10.00 1

NN NN

1.85 1.70 1.99 2.23 2.15 2.17 0.39 0.45 0.18
, _|r

0.00 4 : :
I I d d[%]

Fig. 24.

On Table 19 a comparison in Student’s test is made between
the experimental and control groups and between and at the end of the
study period. Using method for independent samples certain
significant differences have been identified relating to the indicator of
jumps for which the guarantee likely exceeds the limit value 95%. The
steps indicator has guaranteed probability of 86,3%, approaching 95%.,
but is still below the limit value. The lack of a significant difference
for the spins’ indicator means that their technical performances are
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learned well at the same level in both groups of participants —
experimental and control.

Judges marks - control group
BJumps OSpins OSteps
40.00
30.00
20.00
10.00
1.78 2.05 2.09 2.26 2.35 0.31 0.390.29
0.00 4 — - :
I I d d[%]
Fig. 25.
Table 19
. Control
. Experimental Pt
Indicators group d d [% t
group marks marks [%] [%]
Jumps 2,23 2,09 0,15 14,8 41 95,2
Spins 2,15 2,26 -0,11 -11,0 -,37 19,3
Steps 2,17 2,35 -0,18 -17,5 -,64 86,3

34. Equilibrium stability indicators

The ability of the figure skaters to orient themselves in space
and time, for fast and accurate execution of the most complex
movements under conditions of small and unstable support, is
achieved by improving the analysts involved in the equilibrium
reactions. A good level of development of balance allows for a faster
mastery of the complex techniques of different physical exercises and
at a higher technical level.
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The study of the equilibrium resistance of the skaters is
realized by testing in pose Romberg and during the landing position
after the high jump. During the Romberg test, the tester raises their
foot to their knee, without touching it, and executes the balance on one
foot for the designated test time, but not less than 30 seconds in static
mode. Upon landing after the jump, the tester aims as quickly as
possible to achieve a minimum of equilibrium fluctuations, which is
an active process of the muscles in their aim for manage the balance,
when performing the test and also to establish the presence of a
descending trend in the amplitude of the equilibrium fluctuations.

Experimental group - differences in absolute values in
Romberg test and landing after the jump

5 Romberg test ® Landing test Differences
8.00 1
6.00 1
400 7
200 1
0.00
average[cm] frequency[Hz] factor
Fig. 33.

A large load on the vestibular system occurs when making a
multi-revolution jumps, spins, etc. The implementation of multiple
rotations during jumps, followed by a soft landing on one-foot sliding,
requires the precision of the movement in time and in space. An
interesting fact is that during the Romberg test we receive higher
average values (average = 7,62 cm), as opposed to test landing after a
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jump, which obtains the average = 3,60 cm (Fig. 33). The dynamic
retention of balance after the jump is more efficient than the static
equilibrium position Romberg, which is explained by the specificity
of the sport figure skating.

3.5. Correlation analysis of anthropometric and
biomechanical parameters

The correlation analysis of the indicators in the study sample
includes analysis by Pearson’s multiple correlation. The indicators can
be divided into two groups. One of these groups are the results of the
anthropometric tests, and the second is a biomechanical indicator
consisting of equilibrium, kinematic and dynamic parameters.
Intragroup correlations for anthropometric indicators are significant in
nature and include height/weight (0,876), height/chest (0,830),
height/length of the right foot (0,966), height/length of the left foot
(0,971), height/width of the shoulders (0,918), height/width of the
pelvis (0,682), height/length of the foot (0,899). In an analogous
manner are presented significant correlations between weight relative
to the chest circumference (0,955), right leg (0,811) left leg (0,839),
and length of the foot (0,798). Intra-correlation links are also present
in biomechanical characteristics of kinematic and dynamic nature —
the rebound height/maximum force hSJ/FSJmax (0,556), height of
bounce/maximum speed hSJ/VSJmax (0,674), height of bounce/time
for take-off hSJ/tSJ (0,500). Those present correlations are positive in
nature and express the proportional relationship between the indicators
presented in the study. This circumstance means that the growth of one
of them will increase the others.

The developed correlation models refer to the study of the
relationships  between  anthropometric and  biomechanical
characteristics, as the individual models are built primarily on the
correlation of analysis of the anthropometric versus the change in



25

biomechanical characteristics associated with different jumps and the
respectively received different values of correlation coefficients.

In the jump with arms CMJA (Table 25), in addition to the
expected dependencies from internal group character, arise such
significant dependencies on intergroup relations of kinematic type
such as skater height/height of rebound hCMJAmax (0,687),
height/strength of thrust FCMJAmax (0,621), height/speed of the
rebound VCMIJA (0,545). In a similar fashion the body weight refers
to the indicators of height hCMIJA, force FCMJA, speed VCMIJA, time
tCMIJA 1n excess of the critical theoretical level. For those indicators,
we can assume with confidence that the null hypothesis is rejected and
there is an alternative to the significance of the indicators of the study
sample. Of interest are the interconnections between the kinematic
indicators of acceleration aCMIJA against factor Romberg (0,559) and
factor Romberg relative speed VCMJA (0,557) and force FCMJA
(0,600).

A correlation analysis of anthropometric and biomechanical
indexes (Table 26) found significant intragroup relationships in the
anthropometric and biomechanical characteristics of kinematic and
dynamic type, height/length of the right leg — 0,966; height/length of
left leg — 0,971; height/width of shoulders — 0,918. Among the
biomechanical characteristics of kinematic and dynamic type more
significant are the time for take-off /maximum force — 0,967;
maximum speed/maximum force — 0,745; acceleration/speed of the
bounce — 0,964 for Drop Jump type.

Table 28 shows significant correlations related to changes
occurring because of the analysis of anthropometric characteristics
together with the different models of motor structure, defining the
different values of the parameters of the biomechanical characteristics.
Marked shaded rectangles, supplemented by one or two asterisks
indicate the presence of significant dependencies. The visually notice-
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Table 25. Correlations for the CMJA type in experimental group

CMJA
Chest vol.[cm]
Length . leg [cm]
Length . leg [cm] Length I. leg [cm]
Shoulders' width [cm] Shoulders' width [cm]

Pelvis' width [cm]

Foot length [em] Foot length [cm]
hCMJA [m]
FCMJAmax [kN]
VCMJAmax [m/s] ATT

A27 | 430 | 173 | 291 | 326

tCMJAtake-off [s]
398 | 431 | 470 [ 261 | 297 | ,348

aCMJA [m/s2] ,304

Frequency [Hz] Romberg | 386 | 237 | 377 | 261 | 265 | 400 | 375 | 251 | 020 Frequency [Hz] Romberg

Factor Romberg 288 | 458 | a6 | 319 | 355 | 371 | je0 | 241 | pm4 - 341 |Factor Romberg

Average [cm] landing - a9 | 393 | w6 | a3 - 242 | 460 | 361 | 314 | 281 | 61 | 160 | 415 | 144 | 372 |Average [em] landing
Frequency [Hz] landing | -410 | - 142 | -069 | - 435 | -389 | -268 | -083 | - 443 - 1488|071 | - 181 | 077 | -158 | -080 | - 001 | -102 | - 414 |Frequency [Hz]

435

Average [cm] Romberg 377

Factor landing ,388 | 138 | 057 | 436 | ,378 | ,266 | ,074 | 460 | 168 | ,023 | 158 | -,012| ,110 | ,142 | -,024

Note. Marked shaded rectangles supplemented with one or two
asterisks indicate the presence of significant dependencies.

Table 26. Correlations for the DJ type in experimental group

DJ

Chest vol.[cm]

Length r. leg [cm]

Length . leg [cm]

Length I. leg [em]
Shoulders' width [cm]

Length . leg [cm]
Shoulders' width [cm]

Pelvis' width [cm]

Pelvis' width [cm]
Foot length [cm] Foot length [cm]
hDJ [m]
FDJmax [kN]
VDJmax [m/s]

tDJtake-off [s]

aDJ [m/s2]

Average [cm] Romberg ,223 Average [cm] Romberg

Frequency [Hz] Romberg | ,386 424 Frequency [Hz] Romberg

Factor Romberg 288 | 458 | 436 [ ;319 | 355 | 371 | 189 | 241 | 323 M Factor Romberg

Average [cm] landing - 449 | 393 | 446 | 443 - 242 | 460 | 193 | 242 | 336 | -,275| 327 | 415 | 144 | 372 [Average [cm] landing
Frequency [Hz] landing | -410 [ -,142 | -,069 | -,435 | -,389 | -,268 | -,083 | -,443 | -,172 | -,087 | -,166 | ,072 | -,147 | -,089 | -,001 | -,102

-,414 |Frequency [Hz]

Factor landing ,388 | 138 | 057 | 436 | ,378 | ,266 | ,074 | 460 | ,09 | -,009| ,206 | -,166 | 218 | <142 | -,024 | 141
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able presence of more free, unshaded rectangles relates to the models
of a different type of jump. At the same time, the circumstances, the
predominance of the shaded rectangles directs us to structures with
more significant correlations, for which the alternative relevance
hypothesis is valid and we can discard with full confidence the null
hypothesis, according to which there are no relevant values and
dependencies according to the statistical criterium. In figure skating,
the distinct use of upper limbs changes the kinematic characteristics,
such as the angular velocity of rotation by biomechanical principle —
the law of conservation of the moment of impulse in rotational
movement applied during a rotation jump.

3.6.  Factor analysis

KMO (Kaiser-Meyer-Olkin) adequacy test and Bartlett’s —
test for roundness. The first is a general indication of a multi-
dimensional distribution of data close to normal. Bartlett’s test checks
the zero hypothesis, that the data does not lie on a line in space, i.e. the
cloud of data has some “roundness” (Table 34).

Bartlett’s test is approximately 0. This allows conducting the
factor analysis of data for the experimental group and obtaining
adequate factor model.

The goal of the data in Fig. 34 is to determine the required
number of factors, and they are a minimum of four, for explaining the
total dispersion. The number of factors is considered until such time
as the figure makes an abrupt change of steepness in the horizontal
direction.

Table 36 shows the data calculated for the factor structure
related to the experimental group. Values above 0,5 are defined as
significant and they are height (0,875), chest volume (0,867), weight
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Table 34. Bartlett’s test

KMO and Bartlett's Test SJ

Kaiser-Meyer-Olkin Measure of Sampling Adequacy 319
Approx. Chi-Square 375,220
Bartlett's Test of
.. df 120
Sphericity
Sig. ,000
Scree Plot

107

o

@ 67

2>

-

© ©

0 S

-1 ¢
4 0

T T T T T 1 T T T T T T T
1 2 3 4 5 6 7 8 9 10 N 12 13 14 15 16

Component Number

Fig. 34.

(0,902), length of the right leg (0,849), length of the left leg (0,880),
shoulders width (0,808), pelvis width (0,804), length of the foot
(0,720). They refer to the first factor and determine 40,76% of the total
dispersion. Tests height of bounce h max (0,602), maximum force
F max (0,846), maximum speed V_max (0,854), take-off time t max
(0,785) and the maximum acceleration at the rebound a _max (0,811)
are classified to the second factor, and determine 25,52% of the
dispersion.
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The third factor 1s determined to be the average equilibrium
amplitude of landing after a jump shot (0,935) and the factor of
stability (0,961). This factor determines 12,97% of the variance. The
fourth factor, determining only 9,89% of the dispersion, is the
frequency of fluctuations of the equilibrium function (-0,910).

Table 36. Factor matrix

SJ Rotated Component Matrix*

Component
1 2 3 4
Height ,875 339 ,014 ,307
Weight ,902 ,350 ,086 -,065
Chest_volume ,867 ,348 -,002 -,136
Right leg ,849 ,292 -,025 ,380
Left leg ,880 ,252 -,007 327
Shoulders width ,808 ,467 ,045 ,100
Pelvis_width ,804 ,148 -,028 -,100
Foot_lenght ,720 ,465 -115 ,366
h_max ,360 ,602 -,389 ,195
F_max ,445 ,846 ,197 ,072
V_max ,157 ,854 -,168 ,289
t_max ,532 ,785 ,162 ,026
a_max -,476 -,811 ,041 -,040
average jump -,002 ,006 ,935 ,285
frequency jump -,106 -,187 -,090 -,910
factor jump ,055 -,029 ,961 -,143

Extraction Method: Principal Component Analysis.
Rotation Method: Varimax with Kaiser Normalization.

a. Rotation converged in 5 iterations.

The made factor analysis, associated with the evaluation of
different motor tests, anthropometric characteristics and equilibrium
characteristics groups the tested qualities as participating in the first
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factor, the second factor, etc. The presence of a factor model contains
only three factors for the jumping type CMJA (rebound with the help
of arms) and DJ (rebound drop jumps type). These two types of jumps
include 8 tests to the first factor and 5 which relate to the second factor.
With a small difference in percentage of the explained dispersion
(87,50% for CMJA to 83,61% DJ) is the jump with arms (CMJA).
The conducted factor analysis leads us to the study of the
correlation between the biomechanical parameters obtained from the
informative tests CMJA (rebound with arms) and DJ (the drop jump),

estimates of jumps, spins and steps and anthropometric indicators.

Table 49
Height Height
Weight 876 |Weight
Chest vol.[cm] 830 [ 955 |Chest vol.[cm]

Length r. leg [cm] 966 | 811 | 734" [Length r.leg [cm]
Length I. leg [cm] o1 | 839" | 768" | 989" |Length I leg [cm]
Shoulders' width [cm] | 918" | 869" | ,866 | ,849 [ 843
Pelvis' width [cm] 682" | 732" | 674 | 691" | 696 | 653" |Pelvis' width [cm]
853
657

-~ |Shoulders' width [cm]

Foot length [cm] 8997 | 798" | 762" | 886 “| 803" | 527 |Foot length [cm]

hCMJA [m] 687" | 727" | 686" | 681" | | 695 | 623" | 793" [NCMJA [m]

FCMJAmax [kN] 621 | 748 | 635 | 636 | 651 | 576 | 561 | 631 [,793" |FCMJAmax[kN]

VCMJAmax [m/s] 545 | 547 | 477 | 619" | 610" | 466 | 487 | 616 | 832 | 886 |VCMJAmax [mis]

tCMJAtake-off [s] 392 | 507 | 535 | 257 | 241 | 852 | 390 | 435 | 467 | 085 | -,086 [tCMJAtake-off [s]

aCMJA [m/s2] 304 | 279 | 97 | 427 | 430 | 173 | 201 | 326 | 506 | 756" | 898" | - 504 [aCMJA [m/s2]

Jumps a2 | 24| 186 | 384 | 364 |0489F 117 | 317 | 223 | 245 | 173 | 174 | 085 |[Jumps

Spins 3652 | 237 | 220 | 317 | 286 | 441 | 310 | 268 | 326 | 207 | 270 | 219 | 163 | 825" |Spins
Steps 269 | 225 | 238 | 195 | 216 | 305 | 214 | 156 | 252 | 405 | 339 | 001 | 323 | 782" | 787" |Steps

On Table 49 is shown the correlation matrix relating to
rebound (CMIJA) for the experimental group.

The correlation table shows intragroup correlations for
anthropometric  indicators intergroup  correlations  between
anthropometric and biomechanical characteristics, intragroup
indicators related to estimates of sports competitions and intergroup
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significant correlation between the width of the shoulders and the
indicator jumps (0,489).

Table 50

Height
Weight
Chest vol.[cm]

Length r. leg [cm]

Length 1. leg [em]
Shoulders' width [cm]

Pelvis' width [cm]

Foot length [cm]
hDJ [m]

FDJmax [kN]
VDJmax [m/s]
tDJtake-off [s]
aDJ [m/s2]

Jumps

Spins

Steps

Table 50 is shown the correlation matrix for the rebound (DJ)
for the experimental group.
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Chapter 4. CONCLUSIONS AND RECOMMENDATIONS

4.1.

Conclusions

The analysis of the literature shows that as most important
specific motor capabilities of figure skaters that define the sports
achievement we can attribute the speed-power capabilities,
coordination of movements and the sustainability of the
vestibular system.

Major trends in the development of competitive programs for
figure skaters are increasing coordination complexity and quality
of performances of the jump elements, as well as compacting the
programs with execution of spins and steps with the highest level
of complexity. The introduction of the new a judging system in
figure skating has led to a significant complication of competition
programs, which requires even higher demands on jump
adaptation capabilities of skaters.

Variation analysis of the indicators of anthropometric status of
the test figure skaters is normally distributed in both
measurements and marks an increase, as the highest growth is
measured in height and the length of the lower limbs and the
lowest in the width of the pelvis. The comparative analysis by
Student’s t-criterion test for dependent samples proved
statistically significant increase in anthropometric indicators of
tested athletes in figure skating.

The increase in height in Drop Jump is highest compared to other
jump indicators, which is probably due to depreciation at a good
stepping in depth from a height of 30 cm, followed by a rebound,
and the ability to execute jump combinations while maintaining
the momentum of the first jump. The growth, however, in the
maximum force is most essential in the jump with the help of the
arms, which is an indicator of good coordination, while growth in
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the maximum velocity is highest in the rebound with preceding
depreciation.

The comparative analysis of the evaluations from the National
Championships for the research period establish a higher rate —
14,8%, in jump elements in the experimental group compared
with the control group. This proves the effectiveness of the means
of training impact, aimed at developing specific abilities of young
skaters and influence of the specific physical preparedness on the
level of technical skills.

In the experimental group there was reported a higher rate for
jumps in terms of real competitions. The resultant high rate of the
investigated parameters for the experimental group compared to
that of the control proves the effectiveness and applicability of
the developed sports teaching methodology in the training
process.

The dynamic retention of the balance in landing position is more
effective than static balance position Romberg, which is
explained by the specificity of the sport figure skating. There is,
however, a deterioration of the balance in the growth of the
anthropometric indicators — height, weight, and chest.

There have been significant intragroup relationships for
anthropometric and biomechanical indicators for all types of
jumps. In all, with the exception of rebound with repetition, there
1s a significant correlation between the height h and the
anthropometric indicators, with the exception of the width of the
pelvis. Maximum force at SJ, CMJ, CMJA, DJ increases with
increasing indicators of height, weight, length of the lower limbs,
chest, shoulder width, while the width of the pelvis does not affect
the strength of the rebound. In 20 consecutive jumps (RCMJ) the
anthropometric indicators have little impact, they affect the
strength of the rebound (r between 0,357 and 0,396). The only
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10.

4.2.

moderate dependence with 0,493 i1s found with the shoulders’
width.

Equilibrium fluctuations in the Romberg position are
significantly dependent on the weight and chest circumference —
r—0,499-0,508, while the height of the skaters affects the balance
— with increasing amplitude there is also an increase in
equilibrium fluctuations in the landing position after a jump, i.e.
the equilibrium is unstable, which is explained by a higher
placement of the center of gravity of the body.

The factor structure of motor capabilities, anthropometric and
equilibrium characteristics is discovered. There are three main
factors — anthropometric, biomechanical and equilibrium. They
can be used as optimization models for improving the structure
of the basic movements and exercises in figure skating.

Recommendations

We recommend to the Bulgarian Skating Federation to take
advantage of new instrumentation devices for monitoring and
evaluation of the jumps and equilibrium capabilities of adolescent
athletes in figure skating.

It 1s necessary to develop model characteristics for elite teenage
figure skaters, according to body height and height of the bounce.
The developed complex of exercises for the development of high
speed-power capability and stability of the vestibular system
during the preparatory period of the annual training cycle at the
stage of sports perfection of skaters can be submitted to the
Bulgarian  Skating Federation with a proposal for
implementation.

BTS G-sensor to be appropriated for testing under real field
conditions, namely on the ice.
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